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SYNOPSIS. 


This paper deals with the fluorescence spectra and absorption spectra of the two 
known forms of uranyl acetate and of thirteen double uranyl acetates as they 
appear when excited at the temperature of liquid air. The essential identity of 
the spectra of the double acetates of lithium, potassium, calcium, manganese and 
strontium, both as regards the location of the principal bands and the structure of 
the fluorescence groups is established and the deviations from this type occurring in 
the spectra of the uranyl acetates containing barium, ammonium, rubidium, 
sodium, magnesium, zinc, silver and lead are considered. 

The approximate identity of frequency intervals for all series and for all salts is 
likewise established. 


HE uranyl acetates afford a broader field for investigation than 
the chlorides or nitrates, the spectra of which have been considered 
in previous papers.! 

In addition to two forms of the single acetate UO2(C2H,O2)2 we have 
studied the double salts of all the alkali metals except cesium and the 
double salts of calcium, barium, strontium, magnesium, zinc, lead, silver 
and manganese. 

In the fluorescence spectra of the acetates, as in the case of all uranyl 
salts thus far studied the broader bands observed at room temperature 
are resolved into groups when the substance is excited at the temperature 
of liquid air and the constitution of these groups, which repeat themselves 
at regular intervals from the red to the region in the blue where absorption 
begins to replace fluorescence is very similar in the acetates to that of 
the groups in the spectra of the compounds already discussed. 

1 Nichols and Merritt, PHys. REv. (2), VI., 358, 1915; Nichols and Howes, Puys. REv. 
(2), VIII., 364, 1916; Nichols and Merritt, PHys. Rev. (2), [X., 113, 1917; Howes and Wilber, 


Puys. REv. (2), X., 348, 1917; Nichols and Howes, Puys. REv. (2), XI., 285, 1918. 
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THE SINGLE ACETATE. 


Two distinct varieties of this salt were available for observation. The 
finely powdered anhydrous form UO2(C2H302)2 and the crystalline form 
UO2(C2H302)2.2H20. 

The spectra of the two are very similar in appearance; each being 
characterized by two strong well-defined series forming a set of doublets. 
They are easily distinguished however by the widely different location 


TABLE I. 
Uranyl Acetate (anhydrous) at — 185°. 













































































Groups and Frequencies (1/u X 10°.) 
Series. 
3- | 4. 5. 6. 7. | Avemee See- 
A 1717.5 1802.6 1888.5 1975.4 85.97 
B 1724.3 1810.5 1896.6 1983.6 86.40 
Ci 1739.4 1824.6 1912.5 1997.4 86.00 
Cc 1656.4 | 1742.6 1828.5 1914.4 2000.6 86.00 
D 1663.5 | 1750.5 1836.4 1922.4 2008.6 86.27 
E 1673.6 | 1758.5 1843.6 1929.4 2015.6 85.5 
F 1680.6 | 1765.7 1851.5 1937.5 2024.3 85.91 
G | 1868.5 1954.4 85.90 
H 1880.5 1965.5 85.00 
a ke as i ee ala gle a eae Niehuiind 85.96 
TABLE II. 
Uranyl Acetate (Crystalline; 2H*0). 
Groups and Frequencies (1/u X 10°). 
Series 3 4 5 6 ”7 8 Average 
" * x ‘ 3 feterell. 
A: 2015.3 
Ai 1846.4 
A 1935.7 
B 1770.5 1857.0 1942.3 2028.5 86.00 
Cc 1776.1 1863.3 1949.2 2035.5 86.45 
og 1866.7 1952.5 2039.2 86.25 
D 1872.1 1958.0 2044.1 86.00 
E, 1706.6 1791.2 1876.5 1962.3 85.23 
E 1623.9 1709.8 1793.6 1878.9 1964.6 85.18 
F, 1885.0 1970.4 2056.3 85.65 
F 1630.5 1716.8 1801.9 1886.7 1973.5 2058.8 85.66 
F’ 1890.7 1976.7 2062.7 86.00 
| il 1808.8 
G . 1816.9 1901.9 1989.1 2073.2 85.42 
H 1827.0 1911.7 1998.2 85.60 
I 1837.6 
in wid pee ALEC Ag hee ndabaestkeaaeain abe 85.72 
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of the doublets. In the spectrum of the anhydrous variety these occur 
near the group centers of the alkaline double salts whereas in the crystal- 
line form they fall nearly midway between these groups. 

The strong series of the crystalline salt, which we have denoted as E 
and F, frequently appear in great reduced intensity in the spectra of 
the double salts, due doubtless to the presence of traces of the single 
acetate. The strong doublets C, D, of the anhydrous acetate, if they 
ever appear in the spectra of the double salts would be more difficult to 
detect as they would overlap bands in the groups of the latter. 

Frequencies of the fluorescence bands in the spectra of these two forms 
of uranyl acetate are given in Table I. and II. and the average intervals 
for the various series are likewise recorded. 


STUDIES OF A SINGLE GROUP. 


Since the acetates, like the chlorides and nitrates, discussed in the 
previous papers already cited, have spectra consisting of similar recurring 
groups, it is convenient and sufficient, in the study of the structure of the 
ensemble of the fluorescence to consider a single group. For this purpose 
group seven, which is in the brightest part of the spectrum and is free from 
the complications due to the overlapping of fluorescence and absorption in 
the reversing region is most favorable. In Fig. 1 the spectral region 
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of this group is plotted for the anhydrous and crystalline forms of the 
single acetate to depict the remarkable displacements brought about 
by the presence of water of crystallization and the consequent modifica- 
tion of crystal structure. The effect is very similar both as regards the 
direction of the shift of the groups and the amount of shift, to that already 
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described in the case of the nitrates. (Compare the diagram on page 355, 
volume X. of the PHysicAL REVIEW.) 

In both instances it is not the transfer of the groups towards the blue 
without change in their structure that occurs but something much less 
obvious. In fact, it is not possible to identify any of the bands in the 
spectra of the hydrated form with those belonging to the anhydrous salt. 

To produce this change in the spectrum it is only necessary to add a 
drop of water to a small portion of the anhydrous powder and to compare 
the fluorescence of the dry and moistened substance when excited in the 


usual way at — 185°. 


FREQUENCY INTERVALS OF THE SINGLE ACETATES. 

The frequency intervals of the two forms of the single acetates are 
given in Table III. from which it will be seen that the two forms of the 
acetate appear to have the:same interval. The difference between the 
weighted averages is much less than the uncertainties in the determination 
of the intervals of the dim bands of the weaker series. 


























TABLE III. 
Intervals of Series in the Fluorescence Spectra of the Single Acetates at — 185°. 
Anhydrous. Crystalline (2H2O). 
Series. Interval. Series. Interval. 

A 85.97 B 86.00 
B 86.40 Cc 86.45 
Cy 86.00 c’ 86.25 
Cc 86.00 D 86.00 
D 86.27 E, 85.23 
E 85.50 E 85.18 
F 85.91 F, 85.65 
G 85.90 F 85.66 
H 85.00 F’ 86.00 
G 85.42 
H ; 85.60 

Weighted average 85.96 Weighted average 85.72 











THE DouBLE ACETATES. 

The fluorescence spectra of these salts have as a rule lower frequency 
intervals than the two forms of single acetate. The average interval as 
may be seen from Table IV. is below 85 as compared with 85.7 for 
UO2(C2H302)22H:20 and 85.9 for the anhydrous single acetate. 

The group structure is in general less symmetrical than that of the 
double chlorides or the double nitrates and precise comparisons are 
therefore more difficult. 
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Corresponding groups in the majority of cases however occupy very 
nearly the same position in the spectrum and the system of designating 
the various bands employed in the Dove.e Acerares 
discussion of the chlorides and ni- 
trates has been used. 

If we neglect some of the weaker Li c 
outlying bands, the group structure 
of several of the double acetates is 
found to consist of four nearly equi- 
distant bands the wave-length of K 
which is almost if not quite indepen- | | 





D F 








dent of the metal which enters into 
the composition of the doubie salt. 
The substances which most nearly 
conform to this type are the double - | | 











acetates containing lithium, potassi- 
um, calcium, manganese and stron- 
tium (see Fig. 2). 
In the spectrum of the barium Mn 
1 





double acetate the groups are shifted 
bodily towards the red about 5 fre- 
quency units. In the spectra of the 
ammonium and rubidium salts band | sg, 
D is doubled. | 








The double acetates of sodium, 
magnesium, zinc, silver and lead (Fig. 1900 
3a) are made up of groups which 
while they overlap are by no means identical either as to the location 
or arrangement of their bands. 

The spectra of these five salts agree however in this. They contain 
in each group five bands which correspond so closely with the bands 
B, C, D, E and F of the double acetates depicted in Fig. 2, that by a 
bodily shift of the group as a whole they may be made to conform to the 
uniform arrangement so far as those bands are concerned, quite as well 
as do the groups in Fig. 2. This may be seen from Fig. 36, in which the 
dotted vertical lines indicate the positions of the bands in the uniform 
type while the group in each case has been shifted so as to register 
approximately. 

The distinction between the spectra under discussion and those pre- 
viously considered, which were described as having group spectra con- 
forming to an essentially uniform type both as to location of bands and 
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Fig. 2. 
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group-structure, is two fold: (a) There is a shift of the groups as a 
whole. (b) There are additional. series varying in intensity, some of 
which are among the strongest in the spectra and which are characteristic 
of the individual salt. 

It should be reiterated in this connection that neither the bands B, C, 
D, E and F which, although sometimes uniformly shifted, are common 


Dove.e ACETATES 
























































Na Na S DEF 
dial a lou | | 
Mg Mg 

ri Ltt pitts l 
Za Zn 

wall Hao U call Ll 
Ag Ag 

| | Lt | 
Pb Pb 

| oh | ib 





Fig. 3a. Fig. 3b. 


to the spectra of the double acetates, nor the additional bands, are found 
in the spectra of the single acetates. The spectrum of neither the 
anhydrous acetate nor the crystalline form can be made to conform to the 
uniform type by a general shift. 


A PossIBLE RELATION TO THE METALLIC SPARK SPECTRA. 

It appears from-the foregoing that any metal capable of forming a 
double uranyl acetate modifies the constitution of the fluorescence 
spectrum both as to the composition of the groups and their location. 
Certain metals such as lithium, potassium, calcium, manganese and 
strontium produce one and the same modification irrespective of the 
metal which is present. Other metals shift the group slightly (e.g., 
barium) or vary slightly the relative distances between neighboring 
bands without otherwise changing the structure of the group. The 
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presence of still other metals such as sodium, magnesium, zinc, silver 
and lead results in a considerable general shift and the introduction of 
new series into the spectrum characteristic of the particular metal in 
question and existing only in the double salt of which it forms a part. 
Some of these groups are much more complex than the uniform type 
depicted in Fig. 2. The others are accompanied by strong bands or 
minor groups of bands lying outside the usual boundaries. 

One might imagine, to account for this type of spectrum, that in 
addition to the metal in combination as a part of the double salt, there 





Fig. 4. 


are in solution certain other radiators. If these are uncombined par- 
ticles of the metal existing in a condition akin to the gaseous state, one 
might expect a type of radiation, under excitation, similar to that 
discovered by Wood! in sodium vapor; 1.e., series of constant frequency 
made up of bands instead of lines because of damping. One member 
of each such series should coincide or nearly coincide, with some line 
in the arc or spark spectrum of the metal. 

Now there are in fact various coincidences or approximations thereto 
close enough to bring lines of the emission spectrum well within the 
brighter portion of one of the fluorescence bands in question. In the 
spectrum of silver uranyl acetate, for example, there is a strong series 
which does not coincide with any series in the fluorescence spectra of the 
other acetates thus far observed. One member of this series coincides 
with the brightest visible line in the spark spectrum of silver (Haschek 
.54655 u; frequency number 1829.6). Our reading of the corresponding 
band, made before we had any suspicion of the possible relation here 
suggested was 1829.8. 

1R. W. Wood, Puys. REv. (2), XI., p. 76. 
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The rather bright line (.51838) and the neighboring doublet (.51729- 
.51675) in the spark spectrum of magnesium correspond similarly to 
bands 1928.9 and 1934.4 of the fluorescence spectrum. 

In the spark spectrum of lead, of the nine lines listed by Haschek 
which lie in the fluorescence region, seven are within one frequency unit 
of our readings of the corresponding bands. Four of these are in prac- 
tically perfect coincidence, the departures from the crests of the bands 
being only one or two tenths of a unit. 


TABLE IV. 


Lithium Uranyl Acetate at — 185°. 






























































Groups and Frequencies (1/u X 10°. 
Series. l A 
3 4 5. 6 7 | 8. Fan 
A 1638.0 | 
Cc 1657.4 1742.1 1824.1 1909.0 1993.7. | 2080.0 84.52 
D 1751.0 1834.4 1919.8 2005.1 2090.5 84.89 
E 1677.0 1760.5 1844.0 1928.9 2013.1 84.03 
F 1769.0 1852.0 1935.8 2021.1 | 84.05 
F’ 2104.8 
G 1864.7 1950.2 85.50 
H 1707.0 1789.0 1874.1 1960.2 2045.6 84.65 
cde Odie Oi ol la ees gO Ode ea oe I A eo Ont Hales SRL 84.50 
TABLE V. 
Sodium Uranyl Acetate at — 185°. 
| Groups and Frequencies (1/y x 10). 
Series. 2 3 4 5 6 > | 8 General 
. . " " ‘ fs | 3 inane. 
B, | 1643.5 | 1729.5 1815.0 | 2074.1 86.12 
B 1648.0 | 1735.0 1820.2 1905.0 1989.2 | 86.43 
B’ 1907.5 | 
Cc 1659.0 | 1744.9 1828.8 1915.3 2001.0 | 2085.1 85.22 
_ 1664.8 | 1749.0 1834.1 1919.3 2004.9 | 2089.2 84.88 
D 1672.8 | 1756.5 1840.9 1926.3 2011.3 2097.0 84.84 
D’ 1758.5 1844.3 1929.9 2014.2 2100.0 85.37 
E 1597.0 | 1681-1 | 1766.1 1850.6 1985.6 2020.8 84.76 
F 1688.0 | 1772.5 1857.8 1942.5 2028.0 2112.5 84.90 
F’ 1777.8 | 1862.0 2033.6 85.27 
Gi 1695.5 | 1781.4 1866.0 85.25 
G 1702.0 | 1785.9 1871.0 1955.0 2040.9 2124.5 84.50 
G’ 1789.0 1875.5 1961.0 2044.5 | 85.17 
H 1710.5 | 1796.9 1882.0 1967.5 2051.5 85.20 
I 1637.5 | 1722.5 | 1808.6 1898.0 1980.8 | 2064.3 | 85.36 
I’ | 1897.8 




















REESE TPES REP eine 7 alpen eee | 85.22 
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Of the twenty-five spark lines of zinc, within the fluorescence region 
fifteen are certainly not related to fluorescence in the manner here under 
consideration, four in somewhat doubtful coincidence, and six are in 
close approximation. Of these last, five are consecutive lines of the spark 
spectrum all of which are in group 7 of our fluorescence system. 

The search for possible coincidences in the case of sodium led to the 
discovery. of a striking arrangement which seems to be peculiar to that 
element. The doublets and triplets of the spark spectrum while they 
do not form constant frequency series are so located that they could be 
excited to radiation of the type described by Wood, with a common 


TABLE VI. 
Magnesium Uranyl Acetate at — 185°. 








| Groups and Frequencies (1/uz X 10°). 


















































me | | 6 | | 8 Average 
| 2. 3- 4- 5. le 7. e feacseal. 
ne | | | | 
A | | 1635.4 1721.2 | 1806.1 | 1890.8 | 1975.1 | 84.93 
B | 1647.0 1731.8 | 1815.9 | 1900.9 | 1985.8 | 2071.4 | 84.88 
3 | | 1826.5 | 1912.0 | 1997.1 | 2082.6 | 85.37 
ci | | | | | 2087.1 
= | | 1666.1 | 1751.8 | 1836.0 | 1920.9 | 2006.8 | 85.18 
E | | 1674.8 | 1759.2 | 1844.0 | 1928.9 | 2013.8 | 2099.0 | 84.84 
F | | 1763.2 | 1849.0 | 1934.4 | 2019.6 | 2103.6 | 85.10 
G | | 1687.6 | 1773.1 | 1858.0 | 1943.8 | 2028.7 | 2112.6 | 85.00 
H | | 1695.7 | 1781.6 | 1866.5 | 1950.1 | 2037.4 | 2124.5 | 85.76 
1 | 1627.0 | 1715.0| 1799.8 | | 86.40 
ES i uel ach bhacnpsed ee wcnsdeecedekendleetea eae ansies 85.19 
TABLE VII. 
Ammonium Uranyl Acetate at — 185°. 
Groups and Frequencies (1/z Xx 10°.) 
Series. | | Average 
3 ¢ 5 6. 7 s | Interval. 
A 1640.2 | 
B 1727.5 1811.5 | 1897.0 1981.0 84.50 
Cc 1654.5 1739.3 | 1823.5 | 1907.5 1992.0 2076.5 | 84.40 
D 1751.5 1834.0 | 1918.5 2002.5 2089.0 | 84.38 
D” 1923.0 2007.0 2093.0 85.00 
E | 1675.5 1760.3 | 1843.5 | 1927.0 2012.0 | 84.13 
F | 1682.0 1766.5 | 1850.5 | 1934.0 2019.0 2102.5 | 84.10 
G | ' 1859.2 | 1944.8 | 2029.0 $4.90 
H | | 1781.5 | 1865.5 | 1950.5 | | 84.50 
I 1704.5 | 1789.2 | 1873.5 | 1958.9 | 2042.0 | 84.38 











EEE PEE SOREL EEL EE OCT OP TE DT ree | 84.40 
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interval equal to the fluorescence interval of the acetates; 1.e., about 85, 
the result would be a well defined group spectrum of the type of the 
fluorescence spectrum of the urany] salts. 

The individual coincidences with the bands of the sodium uranyl 
acetate are however, only two. The evidence of any significant relation 
based upon these coincidences is obviously far from conclusive. They 
are mentioned here solely in the view of possible developments in the 
further study of the connection between fluorescence and temperature 
radiation. 


TABLE VIII. 


Potassium Uranyl Acetate at — 185°. 








Groups and Frequencies. 
| 










































































Series. ; | . ‘ aoemen, 
| 4 S- . | 7 , Interval. 

A 1641.2 | 
B | | 1814.2 | 1900.3 | 1983.9 | 84.83 
C 1656.1 | 1742.8 | 1823.4 | 1909.3 | 1993.8 | 2078.9 84.56 
D | 1754.0 | 1837.0 | 1922.3 2005.7 | 2091.5 84.63 
E. 1673.5 | 1761.5 | 1845.0 | 1929.6 | 2013.3 84.95 
F 1684.7 | 1769.1 | 1852.2 | 1937.0 | 2021.0 | 2105.9 84.24 
G , | | 1946.3 2031.3 | 2116.8 85.25 
G’ 1781.3 | 1845.0 | 1952.7 | 2036.7 | 85.13 
H 1707.8 | 1791.3 | 1876.0 | 1960.4 | 2044.7 84.26 

ce ee al aoe aii bo wuibe ge gaat 84.57 

TABLE IX. 
Calcium Uranyl Acetate at — 185°. 
Groups and Frequencies (1/u x 10°.) ; 
Series. ~ eT ae 
3. 4. | ‘ 6. | 7. 8. | focsnge 

Cc 1742.2 | 1823.8 | 1908.4 | 1993.2 |° 20768 | 983.87 
Cc’ 1662.0 ! 
D 1670.3 | 1753.5 | 1834.5 | 1918.6 2004.0 2087.7- | 83.91 
E 1675.6 | 1759.9 | 1842.6 | 1926.8 2012.1 | 84.12 
F 1683.8 | 1767.1 | 1850.8 | 1934.6 2019.0 | 2103.0 | 83.85 
G’ | 2114.6 | 
G” 1781.9 | 1865.3 | 1949.3 2033.3 | 83.80 
H 1703.9 | 1788.9 | 1873.0 | 1958.1 2042.9 | | 84.66 
I 2051.0 | | 
J 1717.9 | 
Ki 1976.7 

REESE TS MER ep ye ee eae eee eee 83.88 
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FLUORESCENCE SERIES IN THE SPECTRA OF THE DOUBLE ACETATES. 


In Tables IV. to XVII. the frequencies of the fluorescence bands in the 
spectra of the double salts are arranged by series together with the 
average intervals. It will be seen by comparison with Table III. that 
the average interval for the double acetates is more than one frequency 
unit less than for the single acetates; also that the intervals for the 
various double salts differ from the general average for all (Table XVII.) 
by an amount no greater than the differences between the intervals of 
the various series present in the spectrum of a given salt. 

In brief, whatever real differences of interval may exist are too small 
to be determined with certainty, from our data. 


TABLE X. 


Manganese Uranyl Acetate at — 185°. 








| Groups and Frequencies (1/u x 10°). 


















































Series. | wil 
| 4 5. 6. | 7. 8. frome 
Cc 1821.0 1908.4 | 1992.8 2078.1 85.70 
D 1748.9 1833.5 1918.4 | 2002.6 2089.4 85.12 
E 1757.0 1842.3 1927.9 | 2011.7 84.90 
F 1849.1 1935.0 | 2019.4 2104.8 85.23 
Gi | 2025.9 
H 1873.0 1957.9 | 2042.9 84.95 
EEOC T SECT PA ere i a nen ee | 85.19 
TABLE XI. 
Zinc Uranyl Acetate at — 185°. 
Groups and Frequencies (1/u X 10°). 
Series. | a | | | Average 
| 3 4 S: 6 - . | Interval. 
A | 1640.0! 1724.0 | 1809.0 | 1895.7 | 1980.3 | 2064.8 | 84.96 
B | | | 1730.1 | 1814.1 | 84.00 
c 1654.3 | | 1905.0 1989.7 | 2075.1 | 84.16 
i 1739.5 | 1824.0 | 1909.1 | 1995.8 | 2079.6 | 85.03 
D | | 1831.6 | 1916.1 | 2000.9 | 2085.5 | 84.48 
D’ | | 1835.0 | 1919.9 | 2004.9 | 2089.3 | 84.77 
E | 1590.3 1754.0 | 1841.6 | 1925.6 | 2009.1 | 2094.0 83.95 
E’ 1675.8 | 1759.0 | 1845.0 | 1929.9 | 2014.0 | 2101.9 | 85.22 
F | | 1682.9 | 1766.6 | 1848.0 | 1934.0 2017.2 | 83.80 
F’ 1851.9 | 1938.0 2021.9 | 85.00 
Gq | | 2107.0 | 
G 1689.0 1773.1 | 1858.0 | 1942.0 2026.3 | $4.33 
H | 1697.0} 1780.6 | 1865.0 | 1949.1 2033.4 | 84.20 
I 1703.7 | 1788.0 | 1872.0 | 1956.9 2041.4 | 84.45 
Ba 1875.9 | 1961.3 | 2045.9 | 85.00 




















General average ee ee rn a ere et wate yA paper epee | 84.51 











ECOND 
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TABLE XII. 
Rubidium Uranyl Acetate at — 185°. 
Groups and Frequencies (1/u x 10*). 
Series | 6 8 Average 
si | . a ¥ : | Interval. 
A | 1800.6 | 
A’ 1720.9 | 
B 1641.2 | 1810.0 | | 84.40 
Cc 1738.2 | 1821.8 1908.0 1991.2 | 2077.7 | 84.88 
C’ | 1742.5 1826.2 1912.4 | | 84.45 
D 1749.2 | 1832.3 1917.9 2002.0 2087.7 | 84.62 
D’ 1753.3 | 1836.5 1922.0 2006.4 2092.1 | 84.70 
E 1673.1 | 1759.0 | 1842.3 | 1927.5 | 2011.7 | 84.65 
F 1679.3 1766.2 1850.0 1934.2 2019.0 2104.8 | 85.10 
G 1773.4 | 1859.8 1944.0 2029.6 2114.2 |; 85.20 
H | 1780.0 | 1865.7 | 1949.7 | 2034.2 | 84.73 
H’ 1701.0 | 
I 1788.3 | 1873.4 1957.3 2043.7 | _ 85.13 
RE I ee ee re ee 84.86 
TABLE XIII. 
Strontium Uranyl Acetate at —185°. 
Groups and Frequencies (1/u X 10°). 
Series | 
2. 3- 4 5. 6. 7 | & | interval. 
Cc 1738.6 1823.9 | 1908.6 1993.2 | 2078.2 | 84.90 
D 1749.9 1834.0 | 1919.0 | 2004.0 | 2088.1 | 85.05 
E 1674.0 | 1758.5 1842.6 | 1928.0 | 2012.5 | | 84.63 
F 1680.5 | 1765.8 1849.4 | 1934.5 2020.4 | 2105.0 | 84.90 
G 1780.8 | 1864.5 | 1949.0 | 2034.0 | 84.40 
Hi 1703.0 | | 
H 1789.1 | 1874.9 | 1959.1 | 2045.9 | 85.60 
I 1636.1 | 1720.7 1886.8 1969.4 __ 83.32 
SERRE SPEIRS monte SaRre SNe Geta ae a een ee 84.74 — 
TABLE XIV. 
Silver Uranyl Acetate at — 185°. 
Groups and Frequencies (1/z x 10°). 
ae. . | | Average 
3 | ‘ S be 7 | 6. | Interval. 
A | 1722.5 | | | | 
C | 1735.0 1818.4 1904.9 1989.2 2073.0 | 84.50 
D | 1745.1 1829.7 1913.2 | 2002.2 2085.1 85.00 
E | 1754.7 1839.4 1923.9 2008.6 84.63 
E’ 1672.5 | 
F 1677.5 | 1761.1 1846.0 1931.0 | 2016.1 2101.5 84.80 
G | 1859.0 1945.1 2028.6 84.80 
G’ | 4777.7 
H 1701.2 | 1785.7 1871.0 1955.7 | 2040.0 84.70 
i a a eae hd a heat a alah dies eee de ks 84.74 
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TABLE XV. 
Barium Uranyl Acetate at — 185°. 





































































































Groups and Frequencies (1/u X 10°). 
Series. 
3- | 4- 5. 6. 7. | 8. ae 
C 1651.5 | 1734.9 1818.8 1904.8 1990.0 2075.5 84.80 
D | 1744.3 | 1827.8 | 1913.5 | 2000.0 | 2085.5 85.30 
E 1668.6 | 1754.4 1837.9 1922.7 2008.8 85.05 
F 1677.0 | 1763.0 1846.7 1930.5 2016.5 2101.3 84.86 
G 1688.3 | 1773.7 1856.3 1941.7 2027.2 2113.7 85.08 
H | 1698.4 | 1785.1 | 1869.5 | 1954.7 | 2040.4 | 85.50 | 
IE RE IO aT EOE TTT OTT TET rr 85.08 
TABLE XVI. 
Lead Uranyl Acetate at — 185°. 
@eeuse and Frequencies (1/u x a 
Series. | | | A 
= -e | & 6. - | & | fgeree 
| ——- a ee 
B | 1643.1 | 1727.7 | 1812.1 1897.8 1983.5 2067.4 84.86 
C, | | 1818.2 | 1904.0 | 1989.0 | 2073.0 | 84.93 
Cc | 1653.4 | 1738.7 | 1821.9 1907.6 1992.4 | 2077.4 | 84.75 
c | | 1741.8 | 1827.5 | 1911.9 | 1997.0 | 85.07 
D 1662.5 1747.7 | 1831.7 | 1916.2 2001.8 2087.5 | 85.00 
E, | | 1922.7 | 2006.8 | | 84.10 
E | 1669.1 | 1754.3 | 1838.7 | 1925.0 | 2009.6 | 2095.7 85.32 
E’ | 1844.0 | 1928.3 — 2098.2 | 84.30 
F | 1848.3 | 1935.0 | 2021.1 | 2105.9 84.40 
G | 1684.1 | 1770.1 1855.1 | 1942.1 2025.8 2111.0 85.38 
H | 1692.4 1778.9 | 1862.4 1949.1 2034.0 85.40 
H’ | 1697.5 | 1782.3 | 1868.5 | 1953.4 85.30 
I | 1621.6 | 1606.8 | 1788.7 | 1875.1 | 1960.8 2046.7 85.02 
L | | | 1796.3 | Ca: eel ere ; 
I Oe eT ne OT ee On ee | 85.12 
TABLE XVII. 
Summary of Average Intervals of the Double Acetates. 

Substance. Interval. Substance. Interval. 
LiUO2(C2H;02).3H20 ......... | 84.50 | Zn(UOz)2(C2HsO2)¢.7H2O....... 84.51 
NaUO;(C3H;0;)s.............| 85.22 | RbUO(CsHs02)s.............- | 84.86 
Mg(UO:)2(C2HsO2)6.7H2O......) 85.19 | Sr(UOs)2(C2HsO2)6.6H2O0....... 84.74 
NH,UO2(C2H302)s Tre rete tT. | 84.40 AgUO2(C2H;302)s ee < canes oe oee 84.74 
KUO2(C2H;O2)s3 rer errr rere yt | 84.57 Ba(UQz2)2(C2H3O2)¢.6H20 Keoeses 85.08 
Ca(OUs2)2(C2H302)¢ pide de ae ha ail te 83.88 Pb(UO2)2(C2H302)6¢. ai we eae ves] 85.12 
Mn(UOs2)2(C2H3O2)6.6H20. .. . . . | 85.19 General average............. | 84.76 
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ABSORPTION SPECTRA OF THE ACETATES. 


The fluorescence and absorption of the acetates are related to each 
other in a manner entirely similar to that already established in the case 
of the other uranyl compounds. 

The absorption bands occur in series of constant interval and this 
interval is much shorter than that of the fluorescence series. Fluores- 
cence and absorption overlap in the reversing region with numerous 
coincidences and an interlocking of the fluorescence and absorption 
intervals. Reversals both exact and of the well-known displaced type 
are more frequent, perhaps, than in any family of uranyl salts as yet 
studied. A notable group occurs in the spectrum of lead uranyl acetate 
(see Fig. 4). Fluorescence bands are represented by vertical lines above, 
absorption by lines below the base line. 

The absorption spectra fall into two fairly well-defined classes: 

(1) (Double acetates of Li, NHy, Na, K, Ca, Zn, Rb, Sr, Ag, Ba). 

In this class the system of bands having a series interval of 70 +, 
terminates at about 2180, where is located the head of the strongest series. 

Band E of the fluorescence series which is usually missing in group 8 is 
supplanted by a strong absorption band (1) located 85 + frequency units 
from the terminating absorption band mentioned above, which is desig- 
nated as e in accordance with the convention adopted in previous papers. 

An excellent instance of this type of transition from fluorescence to 
absorption is afforded by the spectrum of barium uranyl acetate (Fig. 5). 
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Fig. 5. 


Here an exact reversal of band E (group 8) occurs, and the very strong 
absorption band which takes its place is 85 frequency units from the 
first member of the strong e series, which extends for several groups 
toward the ultra violet with the usual absorption interval of 70 units. 

1 This band Es may appear either as fluorescence or as absorption according to the condi- 


tions of illumination, etc. It is commonly seen as fluorescence in the spectrum of the zinc 
uranyl acetate and as absorption in the spectra of the other salts of this class. 
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Displaced reversals of F, G, and H also occur, an indication of the 
probably complex structure of these bands. The corresponding bands 
are likewise 85 units from the first members of the f’, g’ and h’ series of 
the absorption spectrum. 

There is almost as notable a resemblance between the absorption 
spectra of this class as between their fluorescent spectra. The resolution 
is however, not so good, and all the members of the various series are 
not so easily located. Almost without exception, the bands which can 
be observed are definitely related in the manner just described, to the 
fluorescence series. 

(2) The single acetate UO.(C.H,O.) and UO.(C2H;U2) + 2H:0 
(double acetates of Mg, Mn, Pb). 

Here the absorption system (interval 70 +) distinctly overlaps the 
fluorescence system extending into the region of groups 8 and 7 beyond, 
without change of interval. 

The various series of absorption bands located in our visual and 
photographic studies of the actetates are contained in tables XVIII. 
to XXXI. inclusive. Frequencies and average intervals are given for 
each salt; the series being designated as usual by small letters which 
indicate their relation to fluorescence series denoted by the corresponding 
capital letter. The three examples of bands or series not thus related 
to visible fluorescence are indicated by means of the Greek letters, y. 

From the list of general, weighted averages of the intervals for the 
various salts (Table XX XIII.) it appears that the frequency interval of 
the single acetates is larger than the general average, corresponding in 
this respect with the larger interval of their fluorescence spectra as has 


TABLE XVIII. 
U02(C2H302)2 Anhydrous. 

















Series. Frequencies of Absorption Bands at —185°. (Groups 7 to 15.) Intervals. 
b 2275.3 2343.4 2411.4 2556.5 70.75 
1 2208.5 2282.5 2352.3 2424.5 2495.5 71.00 
d; 2075.6 
d, 2077.7 2149.4 2219.4 2359.4 70.43 
d 2010.5R 2364.8 2436.5 2505.5 70.71 
e 2235.5 2303.5 2374.5 2446.6 2515.5 70.00 
f 2025.0 2097.5 2169.5 2243.5 71.30 
Y 2321.5 2392.5 
£1 2104.4 
g 2397.5 
hy 2258.5 
h 2049.4 2121.5 2192.5 2264.3 71.63 
CURIE WEEE GUND ooo sc cvcccccccecseccscoenveescesseccevesees 71.04 
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TABLE XIX. 
U02(C2H302)2: 2H20. 
Series. Frequencies of Absorption Bands at —185°. (Groups 8 to 15.) Intervals. 
a | 2242.5 
a’ 2082.5R 2164.5 2213.4 2383.8 2456.8 2527.0 2598.5 72.29 
bi 2174.4 2245.5 71.55 
c 2182.4 2253.5 2550.5 2621.5 73.18 
e 2258.5 2334.5 2406.6 73.70 
d 2045.5R 
e | 2123.9 2195.6 2269.4 72.75 
f 2058.7 2129.5 2202.5 71.90 
r | 2062.5 2132.5 2205.1 2278.4 2350.5 72.00 
ad | 2426.9 
gr | 2357.5 2501.7 2571.5 71.33 
g 2074.6 2147.5 2220.0 2292.6 2363.5 72.39 
h | 2081.6 
h’ | 2159.2 2230.4 2 
iD i ccs eban ae seek bhnreies bNeeeseedeneawed en | 72.35 
TABLE XX. 
Li(UO:2)C2H302)3- 3H20. 
Series. Frequencies of Absorption Bands at 185°. (Groups 7 to 15.) | Intervals. 
c 2234.5 2375.0 2446.5 2514.8 2584.8 70.06 
e 2085.0 
e 2097.8R 2185.0 2256.6 2325.0 2396.2 70.40 
e’ 2100.0 
Fad 2026.5R 2108.8 
ae 2110.8 
£1 2113.0 
g 2117.8 2201.5 2623.8 70.39 
h 2124.0 
h’ 2129.0 
EE ee ee eee | 70.27 
TABLE XXI. 
NH.«(UO:2)(C2H302)s. 
Series. Frequency of Absorption Bands at 185°. (Groups 7 to 15). pry 
b; 2145.6 
Y 1996.5R 2082.4R 2163.4 2299.2 2511.6 69.62 
c 2232.4 2374.0 2446.3 71.73 
e 2096.2 2183.2 2253.8 2322.8 2394.2 70.12 
f’ 2107.8 
4 2114.8 
h 2119.8 2207.0 2278.8 2348.5 2422.8 2487.5 
1’ 2047.8R 2130.0 











a a sa Sa 6.6 ae eH Nek BR Ee | 70.19 
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TABLE XXII. 






























































Na(UO:2)(C2H302)s. 
Series. Frequencies of Absorption Bands at —185°. (Groups 8 to 15.) Intervals. 
b | 2229.2 
b’ | 2375.3 
Cc 2239.6 2311.1 2382.1 2454.0 2524.0 2591.8 69.8 
d; 2093.4 
d 2395.8 
é1 2328.3 
e 2102.6R 2190.1 2259.4 2332.1 2403.8 2472.8 2542.4 70.46 
e’ 2265.0 2336.4 2409.1 2475.9 70.3 
S 2111.0R 2478.9 
id 2117.7R 2277.4 2343.0 2415.3 
g 2126.8R 2211.4 2285.7 2350.7 2423.7 2569.1 71.54 
h 2137.7R 2217.8 2291.0 2358.5 2430.1 2499.4 70.15 
4 2366.3 
eis Loar cheddcn chen eeehben eee caeenenuaad | 70.46 
TABLE XXIII. 
Mg(U0O:2)2C2H302)6- 7H20. 

- ee a Seeqnension of Absorption Bands at —185°. (Groups 8 to 15.) | Intervals. 
C1 2161.0 
c 2168.3 2239.2 | 70.90 
¢ 2172.8 2315.0 71.10 
a’ 2092.8 
e 2182.8 
f 2102.2 
£1 2108.4 
g 2266.0 2336.2 70.20 
g’ 2115.3R 2199.3 = 2269.0 ; 69.70 — 

ee is Uo. ed ee be mhawe hea ae ehauan 70.60 

TABLE XXIV. 
K(U0O:2)(C2H302)s. 

" Saute. Peoquencios of Abecegtion Banés at 185°. (Groupe 9 ¢0 11). Intervals. 
c | 2166.0 2234.0 | 68.00 
ec | 2084.0R 
Y 2000.0R 
d 2176.1 
é1 2011.0R 
e 2017.0 2100.0 2186.0 2256.3 2326.5 | 70.25 
fi | 2025.0R — 2109.3 
g 2116.0R 2203.0 | 
g’ 2124.0R 2211.6 2292.2 2349.0 68.70 
h | 2131.8R 
h’ 2061.8R 





ie nc ckacbidichesssaahhuetceahinekusanceees 69.18 
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TABLE XXV. 
Ca(U0O2)2(C2H302)6:8H20. 














Series. — Frequencies of Absorption Bands at 185°. (Groups 7 to 13). Intervals. 
¥ 2023.1 2092.5 2166.8 71.85 
d 2173.0 2245.2 2312.7 2384.9 70.63 
e 2180.1 2249.2 2317.5 2390.1 70.00 
f 2104.8R 
fi 2185.0 2254.3 2325.6 2395.8 70.27 
21 2198.8 2340.3 2409.6 70.27 
g 2032.1R ra Gh | 2203.6 2274.3 2415.5 70.63 
hy 2123.6R 2278.4 2349.1 70.70 
h 2126.3R 
it | _—-2436.6 ae ae 
EPO EE OE ee 70.54 


TABLE XXVI. 
Mn(U0O2)2(C2H302)6- 6H:0. 











Series. | Frequencies of Absorption Bands at 185°. (Groups 7 to 11). Intervals. 








c 2425.0 
2011.5R 2094.0 2178.4 2236.2 2307.5 71.62 
¢ 2311.3 | 
g | 2110.5 2181.2 2251.5 | 70.5 
General weighted average ............. ETAT LALIT NY 71.25 











TABLE XXVII. 
Zn(UO2)2(C2H302)s- 7H20. 

















Series | Frequencies of Absorption Bands at —185°. (Groups 8 to 12.) | Intervals. 
oa ick «es |—_—_—_—— 
c 2372.5 2442.6 70.10 
e | 2096.4R 2181.5 2251.7 2322.9 2392.5 70.10 
fi 2188.2 
g 2263.0 
hy | 2178.6 2343.6 2415.0 71.40 
h’ | 2205:6 2277.9 2350.7 125 
i 2129.9 Be ian 
ESE EE Le Or ee eee 70.77 








been previously noted. The determination of intervals is, however, 
somewhat less accurate than in the case of the fluorescence bands and 
as in that instance no differences, between various series, or various salts, 
can be considered as positively established. 
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TABLE XXVIII. 
























































Rb(UO2)(C2H302)3. 
~ Sastes. Sanat ot Abecention Bands at —185°. (Qeenge 9 & Cony 
cae fee ee el ee ee ees Berenentecseue 
a 2059.3R | 
bi 2070.8R | 
c 2158.9 2292.2 (2299.4) 2373.6 2440.8 70.27 
¢ 2081.6R 
d’ 2093.8R 2246.7 2317.0 | 70.35 
qd” 2392.3 
e 2186.7 2259.4 2326.1 2399.8 | 71.03 
£1 2027.2R | 
g’ 2115.1 | 
| 2041.7R 
a. 2 = 2129.0R —_—-2209.5 2279.5 2350.2 2423.1 | 71.20 | 
a i Sein co cde hahah dik ted eee ie Rae ieee One 70.78 
TABLE XXIX. 
Sr(UO2)2(C2H302)6-6H20. 
fe Guten. | Frequencies of Absorytion Bands at —185°. (Grouge | 8 to 12.) 7 | msnvvate. 
C1 2371.2 
c 2375.6 
é 2390.0 | 
e 2094.5R 2181.4 2251.9 2322.5 | 70.55 
e’ 2185.7 2254.1 | 68.40 
®t 2399.9 
2273.8 2412.7 69.45 
h’ 2206.0 2347.8 ' 70.90 
t | 2209.0 | 2279.1 2350.0 2420.0 2490.0 70.25 
I boca bases ekebrendee ee hbewseeteedee wardens 70.11 
TABLE XXX. 
Ag(UO2)(C2H302)s. 
Series. | Frequencies of Absorption Bands at 185°. (Groups 8 to 11). | Interval. 
ci 2231.4 2369.7 | 69.15 
e 2180.0 2251.3 2321.2 2390.1 70.03 
- | 2107.0R 2191.4 | 
g | 2116.0R 
h 2125.0R 
4 2133.0 2204.1 2276.3 2344.7 __| 70.39 





General weighted average Said ack’ oa Oba Cee ae oe are wba abies 70.01 
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TABLE XXXI. 
Ba(U0O:2)2(C2H30:2)-6H20. 
Series. Frequencies of Absorption Bands at 185°. (Groups 7 to 13). Interval. 
b 2294.1 
c 2227.2 2370.8 71.81 
e 2094.7R 2180.1 2250.2 2322.5 2393.5 71.13 
7 2105.3R 2187.2 2260.0 72.80 
g’ 2115.1R 
Y 2204.1 2275.8 2419.0 2486.9 70.70 — : 
ne cies due k Reese takes ebareesseher makers 71.36 
TABLE XXXII. 
Pb(UO2)2(C2H302)s. 
Series. Frequencies of Absorption Bands at 185°. (Groups 8 to 15). | Intervals. 
b 2065.0 
C1 2072.0 2142.5 2355.0 2426.5 2495.0 70.50 
Y 2365.0 2437.5 2506.0 71.50 
e 2094.5 2236.5 2309.8 2380.0 2450.0 2521.0 2594.5 71.43 
e’ 2098.0 2168.5 2240.0 2313.5 71.83 
e”’ 2101.5 2389.0 71.87 
f 2105.5 2176.5 2248.4 2321.5 2392.5 | 71.75 
g 2110.5 
h 2119.5 
h’ 2125.0 2194.5 2264.0 2332.5 71.00 
k 2201.5 2272.0 2341.0 2413.5 2482.0 __ 2552.5 — 2 71.00 _ 
ooh cc ceed nano ney se aled ev eewn ceadedaw ened | 71.21 








TABLE XXXIII. 


General Weighted Averages of Intervals of Absorption Series in Spectra of the Acetates at — 185°. 








Salt. Interval. Salt. | Interval. 











f 
I 
p 
} 
: 
| Double acetates of | 
Uranyl acetate (anh).......... 71.04 Manganese............ | 71.25 
“ i 72.35 Re as ok kn aad a 70.77 
Double acetates of Rtition............. | 70.78 
rs die woe diaca eee 70.27 Strontium............. | 70.11 
Ammonium................ 70.19 _ re 70.01 
EE 70.46 ik cai oisk abs sion see | 71.36 
ES vind cadena cimewae 70.60 4s anhaenienkuiee | 71.21 
i a 69.18 | 
b ne ee eee 70.54 
| 





EE ee ee eee ee | 70.68 
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SUMMARY. 


1. The spectra of the uranyl acetates consist of the usual equidistant 
fluorescence bands. 

2. When excitation occurs at the temperature of liquid air, these bands 
are resolved into groups the homologous members of which form series 
of constant frequency interval. 

3. There are two single acetates, a finely powdered, anhydrous variety, 
and a crystalline form with two molecules of water of crystallization, 
whose spectra differ widely, particularly as to the groups of fluorescence 
bands. 

4. Of the double acetates, those containing lithium, potassium, 
calcium, manganese and strontium have spectra which may be regarded 
as essentially identical both as regards the location of the principal 
bands and structure of the fluorescence groups. The only distinctions 
between their spectra are in the sharpness of resolution and relative 
brightness of the various components. 

5. The spectrum of barium uranyl acetate differs from the above, in 
that the groups are shifted, as a whole, about five frequency units towards 
the red. 

6. In the spectra of the double acetates of ammonium and rubidium, 
band D in each group is doubled, but there is no shift of the groups. 

7. The presence of sodium, magnesium, zinc, silver and lead modifies 
the group structure by the addition of bands characteristic of the metal 
and causes slight relative displacements of the group system as a whole. 
Otherwise the spectra resemble those mentioned under (4). 

8. The frequency interval for the fluorescence series of the double 
acetates is probably the same for all series and for all salts, the departures 
of the general averages for the various salts being less than one frequency 
unit from the average for all; 7.e., 84.76. 

The same is probably true of the absorption series, the general average 
for which is 70.68. 

9g. The frequency intervals, both in the fluorescence and absorption 
spectra, are larger by more than one frequency unit for the single acetates 
than for the double acetates. 


PHYSICAL LABORATORY OF CORNELL UNIVERSITY, 
June, 1919. 
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THE QUENCHING BEHAVIOR OF LIQUIDS. 
By NorMAN B. PILLING. 


SYNOPSIS. 


An experimental study of the mechanism of heat transfer from a hot body plunged 
into a liquid was made with the aid of a string galvanometer used as an autographic 
recording pyrometer. From cooling curves obtained it was found that cooling 
takes place at the most in three distinct steps, corresponding respectively to (1) the 
formation and persistence of an enveloping vapor sheath, the thickness of which is, 
within limits, proportional to the initial liquid temperature and through which heat 
is transmitted mainly by thermal conduction; (2) its disappearance followed by 
very rapid cooling in which active vaporization of the liquid, aided by local con- 
vection, plays a dominant part; (3) the final cooling to temperatures below the 
boiling point limited by thermal conduction through the liquid. During each of 
these stages the cooling follows a simple exponential relation involving the nature 
and temperature of the respective cooling agents. 


HEN a small metallic body is quenched from a temperature 
above a red heat in a liquid, it follows certain laws of cooling 
which are surprising in their simplicity when consideration is given to 
the many factors of possible importance affecting the rapid extraction 
of its heat. An essential feature of such cooling is that it is a discon- 
tinuous process taking place in a series of well-defined steps differing 
from each other in the mechanism of heat abstraction and that in any 
one of these steps heat is being extracted from the hot body in accordance 
with one predominant law. The temperature of the liquid bath has a 
profound effect on the relative arrangement of these steps, an increase 
in its temperature, in general, bringing about a lowering of the tempera- 
ture in which the several cooling stages are operative. 

The experimental procedure involved the accurate registration of the 
time-temperature cooling curve of a small metallic cylinder when 
quenched from a certain fixed temperature in a bath maintained at 
various temperatures. The cylinder was 6 mm. in diameter, 50 mm. 
long and had an axial hole to its center through which a small platinum- 
platinrhodium thermocouple was introduced with the bare hot junction 
in good thermal and electrical contact with the base of the hole. The 
cylinder was screwed on to a combined protective tube for the thermo- 
couple and supporting tube for the cylinder by which it was held in the 
heating furnace (electric resistance) and rapidly removed by an appro- 
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Fic. 1a. Water temperature 0° C. 
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Fic. 1c. Water temperature 99° C. 
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priate device synchronizing with the registration apparatus. The trans- 
fer from the heated furnace to a stationary position in the quenching 
bath took approximately one half second. The initial temperature of 
the thermocouple at the center of the cylinder was measured with a 
L. & N. potentiometer indicator; during quenching it was recorded by 
the deflection of the image of a silver wire Einthoven galvanometer 
projected on to a turning cylinder bearing an oscillograph film. The 
cylinder used as a heat reservoir was made of nickel + 5 per cent. 
silicon which was found by the usual thermal analysis to be free from 
transformation points, insuring constancy in the available supply of 
heat. Silicon not only suppresses the nickel transformation but confers 
the additional desirable property of resistance to oxidation at high 
temperatures, thus eliminating uncertain surface conditions due to the 
formation of a scaly oxide. 

Several autographic cooling curves taken from an initial temperature 
of 830°,C. in water at 0°, 58° and 99° C. are given in Fig. 1.1 


Temperature of cylnder °C 





f) / 2 3 oS - . ? 8 2 ed “ 42 #3 & 
Time - seconds 


* Fig. 2. 
Water, 58° C. 


The mechanism of heat abstraction during quenching is shown by an 
analysis of one of these curves in which there is a full development of all 
of the cooling steps. In Fig. 2 the cooling curve of the standard cylinder 
quenched from 830° C. in water at 58° C. has been replotted to a uniform 
temperature scale. The record starts at a with the cylinder leaving the 
furnace; at } it enters the quenching bath and at this instant the water 
in immediate contact with the surface of the cylinder is quickly raised 
to the boiling point and vaporized, forming an envelope of steam around 


1 The horizontal tracings on the records are reference lines and do not have a direct relation 
to the temperature scale. 
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the cylinder. The cooler layers of water strive to condense this steam 
while the heat flow from the hot cylinder tends to superheat it. The 
survival of this steam jacket depends upon the relative rates at which 
heat is delivered through the jacket to the boundary surface between 
steam and water and is removed from it by the adjacent cooler layers of 
water. In this case 


ay (water < FT (vapor), 


and the vapor jacket with its relatively poor thermal conductivity per- 
sists. The branch of the curve between } and c represents the sojourn 
of the cylinder in this atmosphere of steam. At c the two rates become 
equal, reverse in magnitude and at d the vapor jacket disappears. There 
is now liquid contact between the heated surface and the water, and as 
the temperature of the metal surface is far above the boiling point, 
vigorous boiling ensues. From d to ea steady heat loss by this means is 
maintained and the liquid shows a great capacity for absorbing heat 
rapidly. The quick cooling terminates at e, when 0.3 second is consumed 
in cooling the concentric layer of water at the boiling temperature 
before the cooling of the cylinder is resumed at f, and from f to g the 
heat absorption, relatively slow, is limited by thermal conduction through 
the water. 

To summarize, the rather complicated mechanism of heat transfer 
during quenching may be divided into three stages, as follows: 


Mechanism. Character. Designation. 
Cooling in vapor Slow A 

‘* by vaporization Rapid B 

** in liquid Slow C 


For convenience in reference we may call these three modes of cooling 
A, B and C respectively. 

If a series of cooling curves are taken, with the water temperature 
varying from 0° to 100° C., and separated into the several stages some 
_ interesting relations are developed. Each of the three branches may 
be rectified when plotted to an appropriate logarithmic function. On 
the A and B branches the limiting temperature of cooling is the boiling 
point of the cooling liquid and the function is log (@ — 100); on the C 
branches the limiting temperature is the bulk temperature of the liquid 
and the function is log (@ — 6;). 

The general equation of cooling for each stage is then 


log (@ — 4) = — Ct+ const, 
or 
@6= Ae“ + Ao, 
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and the quantity C defining the character of cooling for each curve is 
of course the slope of the logarithmic straight line. This quantity C 
may be split into several factors of which those pertaining to the dimen- 
sions and material of the cylinder, all constant, may be lumped as c 
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Fig. 3. 
B stage. 


and another quantity & be reserved for the property or properties of the 
agent active in cooling. 

The family of straight lines thus derived from the B stage is plotted 
in Fig. 3 from which it is apparent that not only has rectification been 
achieved but that parallelism prevails. This indicates that kg is not 
only constant for each curve but is independent of the temperature of 
the cooling bath. 

Similarly, for the C branches rectification and parallelism exist (Fig. 4) 
leading to the same conclusion that &, is constant and independent of 
the water temperature. 

In the case of the A branches (Fig. 5) there is rectification, but the 
family of lines is divergent; k4, while constant for any one cooling, in- 
creases with diminishing temperature of the water, corresponding to a 
decrease in the effective thickness of the vapor sheath around the cylinder 
characterizing this cooling stage. This thickness seems to be directly 
proportionate to the bulk temperature of the water, and plotting to a 
new function, 6, [log (@ — 100)], brings about the parallel condition 
(Fig. 6). For this stage then, the cooling law is 


6 = Ae *L + 6). 


From these relations it follows that the first action of a liquid in which 
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a highly heated body is plunged is the formation of a continuous envelope 
of vapor forming a thermally insulating layer_between the heated surface 
and the liquid, the effective thickness of which is, within limits, propor- 
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Fig. 4. 
C stage. 


tional to the initial temperature of the liquid. Transfer of heat across 
this vapor layer is accomplished by thermal conduction in great excess 
over the effect of radiation and convection. This jacket persists with 
constant thickness until its disappearance, determined by a quasi- 
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Fig. 5. 
A stage. 


equilibrium in the rates of heat transmission between vapor and liquid. 
Its disappearance initiates a period of rapid heat abstraction in which 
the cooling process is a continuous cycle of vaporization and condensation 
in which local convection currents of large magnitude operate to increase 
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the effective surface of heat transfer enormously. The rapid transfer of 
heat in excess of the maximum rate at which it can be conducted away 
from the zone of action leads to the formation of a concentric layer of 
water at the boiling point which finally includes the entire zone of agita- 
tion tending toward the re-establishment of the vapor sheath and the 
quick cooling ceases at a temperature considerably above the boiling 
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Fig. 6. 
A stage. 


point. In the last stage the rate of heat transfer is limited by the thermal 
conductivity of the water. 

The operation of these laws, given in detail for water, has been con- 
firmed by the behavior of a number of aqueous solutions. With oils, 
the lack of a definite boiling point, resulting in a more or less continuous 
vaporization to temperatures well below the nominal boiling point, 
prevents a clear separation of the two latter cooling stages. 

The discontinuous quenching behavior of a liquid has its corollary in 
the interpretation of cooling curves of quenched alloys. The tacit 
assumption seems to have been made by certain investigators of the 
properties of rapidly cooled alloys! that an irregularity on a cooling curve 
had its inception of necessity in a heat effect in the cooling alloy, and the 
possibility of its origin in the thermal action of the liquid does not appear 
heretofore to have been emphasized. 


WESTINGHOUSE RESEARCH LABORATORY, 
April 21, 1919. 
1 Benedicks, Jour. Iron & Steel Inst., Vol. II., 1908, p. 153. Portevin and Garvin, Comptes 
Rendus, Vol. 164, p. 885, 1917. Dejean, Comptes Rendus, Vol. 165, p. 182, 1917. Law, 
Jour. Iron & Steel Inst., Vol. 97, p. 333, 1918. 
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THE BUNSEN ASPIRATING PUMP AND THE BERNOUILLI 


PRINCIPLE. 
By WILL C. BAKER. 


SYNOPSIS. 


The usually given application of the Bernoulli theorem to the Bunsen aspirating 
pump is shown to be fallacious. Experiments are described that show it to be an 


impact pump. 


OST text-books in dealing with Bernouilli’s theorem of the pressure- 
velocity relations in stream-line motion, cite the Bunsen aspirat- 

ing pump as an example. It is usually stated that, in accordance with 
the principle in question, the pressure at the smallest section of the 
nozzle must be very much less than that of the atmosphere, owing to the 
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Fig. 1. 


great velocity of the water at that point; that air is 
accordingly drawn through the side tube provided 
there; and that it is carried away by the rush of 
water in the enlarged channel. 

Doubting the application of the principle to this 
pump, it was thought well to construct one in which 
the constriction should be a cylinder long enough for 
the attachment of a side tube through which pressure 
measurements might be made; and to compare the 
actual water pressures at the narrowest part of the 
flow with those obtaining in the pump itself. It will 
be at once evident that the average velocity must be 
the same at all sections of the cylinder, and, if Ber- 
nouilli’s. conditions hold, that the pressures must 
therefore be the same at all sections. Either viscous 


- or eddy friction, if appreciable, would cause a pres- 


sure gradient even in this region of uniform average 
velocity. 

The experimental pump was as indicated in Fig. 1. 
A glass nozzle, AB, tapering from about I cm. diam. 
to 0.364 cm. in about 4 cm. of its length, led the 
water, through a smooth joint to a brass tube, BC, 


4.2 cm. long and 0.364 cm. internal diameter. The joint was made by 
melting sealing wax, S, into a cup soldered to the top of the brass tube. 
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while the brass tube and glass nozzle were held centered by means of a 
metal rod that just fitted both. Nine millimeters below the point B, 
a hole .5 mm. in diameter was bored and a side tube, DE, was soldered 
on over it; the inside of he main tube being broached out smooth after 
the soldering. The brass tube BC, projected through a rubber stopper 
G into the vacuum chamber. The throat of the pump CK was 4.38 
mm. in diameter and 2 cm. long, and was blown onto a tube KL, 8 mm. 
in diameter and 15 cm. long. Mercury manometers (open-end) were 
attached to the vacuum chamber at H and to the side tube at E. The 
mean velocity of flow through BC for any condition was determined from 
its area of cross section, and from the volume of water discharged per 
second, The latter quantity came from the measurement of the water 
caught below L in a known time interval. 

As the pump was connected to the city water supply, the velocity was 
not quite constant and the pressures shown by the manometers varied 
from time to time for any given setting of the tap that controlled the 
flow of water into the pump. Thus while the pressures could be read 
at any given instant, the best one could do with the velocity in the 
cylinder was to take its mean value over a period of the order of a minute. 
This accounts for the fact that some of the experimental points do not 
fall as closely on the line as might be wished and for the fact that when 
a point falls below the Q line on the graph, the corresponding point is 
equally below the R line. (See Fig. 2). 

Table I. gives a set of readings of the manometers attached to H and 
to E and the corresponding velocities of the water in the cylinder BC. 
All these pressure-differences are in cm. of mercury, and are all less than 
that of the atmosphere. 


TABLE I. 
Velocity in BC. Pressure at //. Pressure at £. 
Cm. per sec. Cm. of Mercury less Cm. of Mercury less 
than Atmospheric. than Atmospheric. 

405 4.4 ee 

770 12.7 8.7 
1002 20.5 14.2 
1120 24.1 17.0 
1280 32.5 23.4 
1515 45.1 32.9 
1680 55.4 40.7 
1780 62.9 46.0 
1902 74.2 45.6 
2230 74.5 38.0 


The glass part of the apparatus (H to L) was now removed so that the 
water discharged into the open air at C, and a set of readings of the 
manometer at E was taken for various rates of discharge. These are 
set forth in Table IT. 
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SERIES. 
TABLE II. 
Velocity in BC, Pressure at £. 
Cm. per sec. Cm‘ of Mercury greater than Atmospheric. 
598 2.8 
1270 7.6 
1820 16.3 
2000 20.1 


The graph in Fig. 2 contains these data plotted as dots (and a second 
set as crosses). The abscisse are squares of the velocity in units of 10°, 
and the ordinates are the actual 











we. pit pressures in cm. of mercury. The 
* a dotted line at 76.1 gives the at- 
we . mospheric pressure at the time of 
i the experiment. Curve P contains 
NG the values given in Table II.; curve 
P \\. Q those from Table I. for the mano- 
7 Ne meter at E; and curve R the pres- 
5a \X sures from Table I. for the mano- 
a \ meter at H. It will be noted that 
; \S : when the pressure at C is atmos- 
3g all pheric (curve P) the pressure at D 
20 \ rises as the square of the speed of 
\ the water. This of itself shows 

10 \ that the condition for Bernouilli’s 
\, om principle does not obtain, and that 

ym % g0 40 $0 the increased pressure in the small 

Fig. 2. tube is mainly due to eddy cur- 


rent friction. If Bernouilli’s con- 
ditions existed, the pressure at D would in all cases be the same as 
that of C, z.e., atmospheric, for the mean velocities of the water at both 
points is the same. The second important result is shown by the curve 
Q where, for any given velocity, the pressures at D are always higher 
than those at H (curve R) by the same difference as that shown for the 
velocity in question by curve P, and this holds even after R ceases to fall 
when Q bends up parallel to P. In other words, the difference of the 
pressures at the points D and C is dependent only on the velocity, 7.e., 
only on the eddy current loss between the two sections. When the 
pump begins to reduce the pressure at the point C, the pressure at D falls 
by the same amount, as the plot shows. Thus the pressure at D is the 
pressure at C plus that required to overcome the eddy friction between 
the two points. 
The whole effective work of the pump is therefore done after the water 
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has left C, and the ordinary application of Bernouilli’s principle to this 
instrument is fallacious. It is an impact pump, the action of which is 
made plain by the following observation. If the pump be held vertically 
and the water turned on carefully it is possible to get a jet that travels 
down the axis of the tube without touching the sides. In this case there 
can be no pumping, as there is a free air passage between the jet and the 
glass walls right up to the vacuum chamber. If now the finger be 
introduced for an instant into the jet at L, the splash at once runs up 
the tube LK; the water forms a barrier completely filling the cross 
section and this is driven down by the impact of the oncoming jet. The 
splash at impact continually forms fresh barriers that in turn are driven 
down against the rapidly growing pressure-gradient in KL. The action 
is that of a series of continually formed “pistons” of this sort that carry 
the enclosed air down with them. The function of the baffle plate in 
sO many pumps is obviously to set up this action. 

Consider now the effective region from the throat K to the open end 
at L. The motion is turbulent in the extreme, and the usual Bernouilli 
principle cannot be applied. Nevertheless, if we consider an approxi- 
mately steady state in which the pressure-difference between L and K 
are constant, we may apply the conservation of energy after Bernouilli’s 
fashion if we take account of that passing into heat through eddy friction, 
and carried out as heat at L. Taking the origin at K and measuring h 
positively along the axis KL we may write the average velocity at any 
section (of radius 7) in terms of the velocity (V) and radius (R) at the 
point L, 

v,= w= 
72 
for now the pump is carrying away no air (by the hypothesis of no change 
in the pressures at H and L) and the tube runs full of water. The force 
required to overcome eddy friction for a length dh along the tube near 
this section, is given by 
C 2xr dhpv*, 


where p is the density of the water, and C is a constant. Thus the rate 
at which energy is passing into heat here is 


C 2nr dhpV*R°/r*, 


and the total heat so formed between LZ and K is 
L dh 
73 R26 Gtnet 
C 2x V?R pf a 


but as r is a function of h, the quantity under the integral is purely 
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geometric and is constant for a given pump. We may then write this 
more simply as C’ V?, where C’ is the product of the constant terms in the 
longer expression. Adding this term for the energy carried out of the 
region at L, expressing both mean velocities in terms of that at L, and 
proceeding in the usual way we find that 

V?R4 V 


ee. F P, 'ye2 
ms. sg er, te. 


This at once becomes 
4 — Pp 
(= - : _ c’) os Eas + gh, 


giving the linear relation between V? and the difference of pressure at L 
and K, that the graph shows. 

It might be mentioned that the laboratory has some metal pumps in 
which the side tube has been very carefully inserted just at the point of 
greatest constriction. These have evidently been constructed by some 
one who relied on the text-book statement in regard to Bernouillis’ 
principle. The pumps however flare out in a cone from this point and 
give no opportunity for the action described above. Needless to say 
they are very poor pumps but are fine examples of a mistaken application 
of theory. 

It may be of interest to record that in an early pump the water passed 


TABLE III. 
Velocity in BC. Pressure at //. Pressure at £. 
Cm. per Sec. Cm. of Mercury Less Cm. of Mercury Less 
than Atmospheric. than Atmospheric. 
420 4.8 3.1 
725 10.0 ta 
1080 21.9 16.6 
1300 30.5 23.3 
1360 35.1 26.4 
1400 37.6 28.1 
1450 40.0 29.8 
1540 42.0 {72.4 
1630 50.8 73.6 
1710 - 61.0 73.8 
1760 67.5 } 74.0 
1880 72.7 74.1 
1860 73.3 | 73.6 





suddenly from a tube of internal bore 8 mm. to the brass tube BC. 
With this arrangement the pressures at E were greater than those at H 
only until a velocity of 1,500 cm. per sec. was reached. At this point 
the manometer at E shot up to nearly its maximum height while that 
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at H followed more slowly. Indeed that at H did not rise quite so high 
as the other even at the highest speed then attainable. The facts will 
be most easily seen from Table III. The effect is attributed to the 
suppression of the vena contracta as it completely disappeared when a 
tapering nozzle was substituted for the sudden change of section. 


PHYSICAL LABORATORY, 
QUEEN’S UNIVERSITY, 
KINGSTON, ONT., 
May 12, I9I9Q. 
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SOFT X-RAYS. 


By H. M. DApourRIAN. 


SYNOPSIS. 


Method.—Soft X-rays were produced by the impact of electrons from a hot-lime 
cathode against a platinum anode. Potentials of 20 to 1,000 volts were used to give 
the electrons the desired velocity of impact. The properties of the rays were 
studied by observing the velocity and number of electrons produced ona brass plate 
by a narrow beam of soft X-rays. 

Experimental Results —(1) Soft X-rays were obtained with as low potentials 
as 20 volts. (2) Radioelectric curves were obtained under different experimental 
conditions. These curves have the general shape of photoelectric curves but differ 
from them in several important particulars. (3) The velocity distribution of 
radioelectrons was studied and it was found that only a negligible fraction of the 
electrons have velocities comparable with the velocity of impact of the cathode elec- 
trons. (4) Evidence was obtained of the presence of characteristic L-radiations 
of copper and zinc of approximate wave-lengths of 15 x 10-8 and 13 x 107° respec- 
tively and of softer characteristic rays of platinum of approximate wave-lengths of 
21x 10-%and 31 x107%. (5) It is pointed out that the method used in this investiga- 
tion, which is called the radioelectric method, lends itself to the study of char- 
acteristic radiations of elements of low atomic numbers. 


INTRODUCTION. 


HE term soft X-rays is used in this paper to denote roughly that 
region of general radiation which falls between the shortest known 
ultra-violet rays and the longest waves of characteristic X-radiation 
studied to date, that is, the region between the wave-lengths 600 x 107%, 
observed by Theodore Lyman, and 12.3 x 10-, the characteristic L- 
radiation of zinc. According to the well-known quantum equation, 
Ve = hy, this region represents, approximately, X-rays produced by 
cathode rays moving with velocities corresponding to a fall of potential 
varying from 20 volts to 1,000 volts. , 

A number of new terms are introduced in this paper which are con- 
ducive to conciseness and lucidity in descriptions of phenomena related 
to the production of electrons by X-rays. These phenomena are similar 
to photoelectric effect; therefore in introducing the new terms the author 
was guided by the terminology used in photoelectricity. Electrons 
produced by X-rays are called radioelectrons, while the phenomenon of 
the production of radioelectrons is called radioelectric effect. With these 
definitions the meanings of the terms radioelectricity, radioelectric current, 
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radioelectric curve, and radioelectric chamber become self-evident. In 
order to differentiate clearly between radioelectrons and the electrons 
forming a beam of cathode rays which give rise to X-rays, the latter are 
called cathode electrons. Further, the potential through which the cathode 
electrons fall before they give rise to X-rays is called cathode potential, 
and the retarding potential necessary to bring an electron to full stop 
halting potential. 

Relatively little has been published on the important region of radia- 
tion represented by soft X-rays; consequently a rapid review of the 
work done by other investigators is feasible. 

Wehnelt and Trenkle! showed in 1904 that electrons from a hot-lime 
cathode give rise to X-radiation when they impinge against a metal 
target with a velocity corresponding to a cathode potential of 400 volts. 
Dember? found in 1911 that photoelectrons, moving with a velocity 
corresponding to a potential drop of 250 volts, produce X-rays when 
stopped by a metal obstacle. Later® he obtained evidence for the pro- 
duction of X-rays by photoelectrons moving with velocities corresponding 
to 18.7 volts. Dember also studied the velocities of radioelectrons 
produced by soft X-rays by applying retarding electrostatic fields to 
the radioelectrons and found that as the cathode potential was increased 
from 250 volts to 9,000 volts the halting potentials of the radioelectrons 
increased from 0.7 volts to 3.6 volts. Whiddington* showed in 1913 
that the impact of electrons from a hot-lime cathode against air molecules 
gives rise to soft X-rays. He used potentials of 128 to 218 volts to 
accelerate the cathode electrons and found that the corresponding halting 
potentials ranged from 100 to 128 volts. In 1914 Sir J. J. Thomson® 
produced soft X-rays by slow moving positive rays and by electrons from 
a hot-lime cathode moving with as low velocities as that corresponding 
to a cathode potential of 10 volts. Miss Laird® studied soft X-rays 
produced by cathode electrons moving with velocities corresponding to 
potentials of 220 to 1,300 volts and showed that the rays are polarized. 
She was unable, however, to obtain evidence for the production of X-rays 
with cathode potentials of less than 200 volts and arrived at the con- 
clusion, ‘‘ various experiments make the results of previous observations 
of a Réntgen radiation produced by cathode rays of less than 200 volt- 
velocity appear doubtful.’”” The four last named observers showed 

1A. Wehnelt and W. Trenkle, Sitz. Phys.-Med. Soc. Erlangen, 37, 1905. 

2H. Dember, Verh. Deutch. Phys. Ges., 13, p. 601, 1911. 

3H. Dember, Verh. Deutch. Phys. Ges., 15, p. 560, 1913. 

4R. Whiddington, Camb. Phil. Soc., 17, p. 144, 1913. 


5 J. J. Thomson, Phil. Mag., 28, p. 620, 1914. 
6 Elizabeth R. Laird, Ann. der Phys., 46, p. 605, 1915. 
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that soft X-rays are very absorbable but are capable of passing through 
extremely thin films of glass, celluloid, etc. 

The present investigation was undertaken: (1) to confirm by an elec- 
trical method the results obtained by Sir J. J. Thomson who used a 
photographic method, (2) to determine the relation between the cathode 
potential of the electrons producing soft X-rays and the halting potential 
of the radioelectrons which the X-rays produce on a metal surface, and 
(3) to study the relation between the cathode potential and the saturation 
current of radioelectrons. A preliminary statement of some of the 
results obtained in this investigation was given in a paper! read before 
the American Physical Society at its eighty-eighth meeting. 


APPARATUS. 


The final form of the apparatus adopted and the scheme of electrical 
connections used are represented by the sketch of Fig. 1. The main 
part of the apparatus consisted of a brass tube 20 cm. long and 6 cm. 
in diameter, divided into three compartments by the two brass discs D 
and D’. The left-hand compartment formed the X-ray tube of the 


K 


a 





a 


apparatus, the right-hand compartment the radioelectric chamber, and 

the middle compartment the electrostatic trap used to prevent the 

passage of electrons from the X-ray tube to the radioelectric chamber. 
The X-ray tube is provided with a platinum anode A and a hot-lime 

cathode C. The latter consists of a thin strip of platinum foil with a 
1H. M. Dadourian, Puys. REV., 9, p. 503, 1917. 


Fig. 1. 
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small patch of barium oxide deposited on it by burning away a tiny 
speck of Bank of England sealing wax. The heating current for the 
hot-lime cathode is supplied by the battery B, and the cathode potential, 
which gave the cathode electrons the desired velocity, by the battery 
V. The cathode current is measured with the galvanometer G. 

The partitions separating the compartments are provided with central 
windows to permit the passage of a narrow beam of X-rays from the 
anode, A, into the radioelectric chamber. To the partition D is attached 
a magnetic shutter of which two other views are shown in Fig. 2. The 
shutter proper, s, consists of a rectangular w 
plate of soft iron with bevelled sides which = fess... pecdeamemeannann 
fit in the bevelled ways of the piece of 
aluminum WW, and is free to slide back P? AS OPP 
and forth between the pegs pand p’. The 
shutter is provided with two circular holes 





























o and o’. When the shutter is in contact ” 
with the peg p the hole a is in line with the 

windows in Dand D’. On the other hand, P, 
when the shutter is in contact with p’, the SS 5 Cee 7 a 








hole o’ is in line with the windows. The 
hole o’ is covered with a thin film of 
celoidin, while 0 is open. The shutter can be moved, by means of a 
magnet, from one extreme position to the other, or made to take a mid- 
way position, thus entirely closing the window in the partition. When 
the cylinder c is in the position indicated in Fig. 2 the shutter can be 
moved from one extreme position to the other but it cannot be made to 
take a midway position by means of a magnet. If the cylinder is pulled 
against WW, however, the shutter can be moved only from its extreme 
position on the right to its midway position. The upper half of the 
cylinder is made of soft iron and the lower half of brass so that it may 
be moved by means of a magnet without its ‘“‘freezing’’ on the shutter. 

The radioelectric chamber is provided with a brass plate, R, and a 
cylindrical cage of bronze wire-gauze. (In some of the experiments the 
chamber was provided with two cages as indicated in Fig. 1.) A wire- 
gauze could not be obtained which had sufficiently small meshes and a 
considerable part of the area of which was not taken up by the wire 
itself. Therefore commercial wire-gauze of I mm. meshes was used in 
making the cages after the wire gauze was thinned down by dipping it 
in nitric acid until the wire of the gauze did not take up more than 25 
per cent. of the total area. 

The three-forked brass tube, 7, connects each of the three compart- 


Fig. 2. 
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ments of the main apparatus directly to a charcoal-liquid-air bulb 
through a glass stop-cock with a bore one cm. in diameter. A ground 
glass valve M is placed between the liquid-air-charcoal bulb and the 
pumping system in order to reduce the distillation of mercury vapor 
into the charcoal bulb after the pump is stopped. 

The measuring instrument was a gold-leaf electroscope, E, which 
could be given a sensitiveness of 5,000 divisions per volt with a fair 
degree of stability. A description of the electroscope has already been 
given by H. A. Bumstead! and need not be repeated here. The conditions 
under which this unusual sensitiveness was obtained, however, might be 
stated to advantage. The outside of the electroscope was covered with 
a thick coating by dipping it several times in molten paraffine. This 
made temperature changes within the electroscope slow and thus elimi- 
nated convection currents of air which disturb the gold leaf. The electro- 
scope was provided with a milled head for raising and lowering the 
gold leaf in order to change its sensitiveness. It was found, however, 
that raising and lowering the gold leaf is invariably accompanied by 
slight rotational displacements of the gold leaf about its axis which often 
cause greater changes in the sensitiveness than the vertical displacement. 
Therefore after a fairly favorable position of the gold leaf had been 
obtained changes in sensitiveness were made by altering the potentials 
applied to the plates of the electroscope. The gold leaf was kept at 
the position of equilibrium by tilting the electroscope by means of 
a screw of fine pitch. The electroscope and the microscope were mounted 
upon a solid metal platform and a screw attachment was devised by 
means of which the microscope could be moved laterally without disturb- 
ing the electroscope in the slightest degree. 


EXPERIMENTAL RESULTS. 
I. 


In the course of the experiments described in the following pages 
evidence was obtained for the production of X-rays by electrons moving 
with velocities corresponding to a drop of potential of from 1,000 volts 
to 20 volts. There was nothing to indicate that 20 volts is the lower 
limit of potential with which an electron has to be made to impinge 
against an atom in order to give rise to X-rays. The fact that the effect 
observed did not disappear suddenly as the cathode potential was reduced, 
but its magnitude decreased gradually until it became equal to the 
magnitude of the errors of observation, indicates that 20 volts is not the 
lower limit in question if there is indeed a limiting potential. 

1H. A. Bumstead, Phil. Mag., 22, p. 910, IgII. 
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It has been suggested that the discrepancy between Miss Laird’s! 
negative results and the positive results of investigators who have been 
able to observe radioelectric effects with cathode potentials lower than 
200 volts may be explained by assuming that the effects observed by the 
latter at these potentials might have been due to a diffusion of electrons 
from the X-ray compartment to the radioelectric chamber. In order to 
settle this point by testing the effectiveness of the electrostatic trap the 
following experiments were carried out. 

The shutter s was pulled to its middle position, thus closing the window 
in partition D, then the X-ray tube was operated at a number of different 
potentials. No effect was observed on the electroscope, showing that 
no electrical or electromagnetic communication could take place between 
the extreme compartments except through the window. The X-ray 
tube was then operated at a given potential and alternate readings of the 
deflection of the electroscope were taken with the shutter first at one 
extreme position and then at the other. During these experiments the 
walls and the wire cage of the radioelectric chamber were connected to 
earth, while the potential applied to the plate P was increased from zero 
to any desired value. The results obtained with three different cathode 
potentials are shown in Fig. 3, where the abscissas represent the potentials 


I 





Fig. 3. 


applied to the plate P and the ordinates the rate of deflection of the gold 

leaf due to positive charging of the radiator R. The continuous curves 

correspond to readings taken with the window open, while the discon- 

tinuous curves correspond to readings taken with the window closed by 

means of a thin film of celoidin. The cathode potential was 80 volts for 
1 Loc. cit. 
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curves J and J’, 190 volts for curves JJ and IJ’, and 380 volts for curves 
III and III’. The continuous curves were plotted on different scales 
so as to make their initial points coincide, while each of the discontinuous 
curves was plotted on the scale of the corresponding continuous curve. 
It will be observed that every one of the curves becomes perfectly hori- 
zontal before the potential of the electrostatic trap attains one tenth of 
the value of the corresponding cathode potential. The electrostatic 
trap is therefore perfectly effective in preventing the passage of electrons 
from the X-ray compartment to the radioelectric chamber. 

The celloidin film was prepared in the following manner. Celloidin 
was dissolved in a solution of equal parts of ether and absolute alcohol. 
A minute drop of the resulting solution was dropped on the surface of 
quiescent water by means of a glass pin point. The drop of solution 
spread over the surface forming a thin film. The shutter s was then 
removed from its ways, dipped under the film and lifted from the water 
so that the film covered one of the two holes in the shutter. The shutter 
was then set aside to dry. If the film was too thin it broke during the 
stretching process due to drying. After several attempts an unbroken 
film was obtained which was not much thicker than those which did 
break. The thickness of this film was estimated to be less than 10-5 cm. 
The film was examined with a microscope and was found to have no holes. 


II. 


A number of experiments were carried out in order to find a relation 
between the velocities of cathode electrons and radioelectrons and thereby 
test the validity of the quantum relation Ve = hv. In these experiments 
the radiator R, Fig. 1, was connected to the electroscope, the wire-gauze 
cage to a variable potential, and the walls of the radioelectric chamber 
to earth. This experimental disposition of the radioelectric chamber is 
indicated in the sketch inserted in Fig. 4. The current of electrons from 
the radiator to the cage was then measured for different accelerating 
and retarding potentials. The results were then plotted, with the radio- 
electric currents as ordinates and the potentials as abscissas. The 
radioelectric curves thus obtained for cathode potentials varying from 
60 to 1,000 volts were all of the same general shape as that of curve J, 
Fig. 4, which corresponds to a cathode potential of 390 volts. It will 
be observed that curve J is similar to the typical photoelectric curve in 
its general form but differs from it in several particulars, namely, the 
radioelectric curve (a) attains its positive-saturation value at a higher 
accelerating potential, (b) intersects the potential-axis at a greater 
potential, (c) dips well below the potential-axis and (d) reaches a negative- 








Vou. XIV. 
- s SOFT X-RAYS. 241 


saturation value. These characteristics of the radioelectric curve led 
the author to the conclusion that a part of the X-radiation incident 
upon the radiator was reflected and scattered by the latter and produced 
electrons on the wire-gauze cage and the walls of the radioelectric 
chamber. In order to test this conclusion certain experiments were 
carried out the results of which are represented by the curves of Figs. 
4, 5 and 7. 

Curve IJ, Fig. 4, was obtained under the same experimental conditions 

















Fig. 4. 


as curve I with this exception—that in the experiment represented by 
curve JJ the walls of the radioelectric chamber were insulated and 
connected to the cage. Since at zero potential experimental conditions 
were identical for both curves they were plotted so as to make their 
points of intersection with the current-axis coincident. The result is 
interesting. Curve JJ has a greater negative saturation, rises to positive 
saturation more rapidly, and has the same value for positive saturation 
as curve J. Let us see how these facts fit in with the assumption that a 
fraction of the X-rays are scattered by the radiator. On this assumption 
the negative-saturation current of curve J represents the electron-current 
from the cage to the radiator, electrons produced on the walls of the 
chamber being driven back by the field between the walls and the cage. 
The negative-saturation current of curve JJ, on the other hand, repre- 
sents the electron-current from the cage plus the current of electrons 
from the walls of the chamber which pass through the meshes of the 
cage. Taking into account the area occupied by the material of the 
cage we find that (in the experiment represented by curve JJ) about 30 
per cent. of the X-radiation was scattered by the radiator R and that 
about one third of the electrons produced on the walls of the chamber 
passed through the cage. The relatively rapid rise of curve JJ to positive 
saturation indicates that for accelerating potentials of under 20 volts 
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electrons produced on the walls of the chamber have a greater chance to 
be captured by the wire-gauze under the experimental conditions of 
curve JJ. In other words these electrons have a better chance to reach 
the radiator if they are accelerated before passing through the wire-gauze. 
When the accelerating field is high enough, however, all the electrons 
produced on the walls and the cage are prevented from reaching the 
radiator under the experimental conditions of both curves; therefore 
they have the same value for positive-saturation. 

The negative saturation current may also be accounted for by assuming 
that the radioelectric chamber was not sufficiently free of gas molecules 
and that these molecules were ionized. But if the negative current 
were due to ions the condition of the surface of the cage and of the 
walls of the chamber would have no effect on the saturation current; 
on the other hand if it were due to electrons produced on the cage and 
the walls by scattered radiation the condition of these surfaces would 
have considerable effect. This fact was made use of to decide between 
the two hypotheses in an experiment in which the walls of the chamber 
and the cage were blackened with smoke from an asceteline lamp, the 
radiator R being kept polished. The result of this experiment, indicated 
by curve III, is decidedly in favor of the hypothesis that the negative 
current was due to radioelectrons produced by scattered radiation. 

The curves of Fig. 5 were obtained with a cathode potential of 60 volts 


I 








Fig. 5. 


and with an experimental disposition of the radioelectric chamber indi- 
cated in the inserted sketch. In the experiments corresponding to 
both curves the outer cage was connected to a positive potential of 200 
volts. In the experiment represented by curve JI the walls and the 
cages were blackened, while in the case of curve J this was not done. 
It will be observed that curve JJ does not cross the potential-axis but 
approaches it asymptotically, indicating that the number of radio- 
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electrons which have velocities comparable with the velocity of the 
cathode electrons producing the X-rays is vanishingly small. This is in 
agreement with results obtained by Duane, and Hunt! who have shown 
for hard X-rays that energy due to the maximum frequency of hard 
X-rays given by the quantum equation Ve = hy is infinitesimal for a 
given cathode potential V. This result is to be expected if transformation 
of energy from radiant energy to energy of motion of electrons and 
vice versa is not a perfectly reversible process. When the cathode 
electrons impinge against the anode only a small fraction give up their 
entire energy to an X-ray pulse in their first collision with an atom. 
Therefore the primary pulses produced by the original cathode electrons 
contain many wave-lengths. A fraction of this radiant energy is ab- 
sorbed by the anode and the inner walls of the X-ray tube, thereby giving 
rise to radioelectrons and these in their turn give rise to softer X-rays. 
As the result of this process of progressive exchange of energy between 
radiation and radioelectrons the beam of X-rays which enters the radio- 





Fig. 6. 


electric chamber becomes anything but monochromatic. The process of 
degradation of energy is continued in the X-ray chamber and results in a 
pseudo-maxwellian distribution of velocity among the radioelectrons, 
with a maximum velocity determined by the quantum equation. A 
rough idea of the relative number of electrons having a given velocity 
may be obtained from Fig. 6, where the abscissas denote accelerating 
and retarding potentials and the ordinates the corresponding values of 
the slope of curve JJ, Fig. 5. In view of foregoing considerations it is 
easy to see why Whiddington? was able to obtain halting potentials com- 
parable with the cathode potentials he used, while the other investigators 
1 Puys. REv., 6, p. 166, IQI5. 


2 Loc. cit. 
3 Irving Langmuir, Puys. REV., 2, p. 450, 1913." 
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of soft X-rays did not. In Whiddington’s experiment X-rays were pro- 
duced by the impact of cathode electrons with molecules of air at low 
pressure. Therefore the rays were more nearly monochromatic than 
the rays produced by the impact of cathode electrons against metallic 
targets. 

It should be noted that a considerable accelerating potential is neces- 
sary to obtain positive saturation even when the electron current from 
the walls of the radioelectric chamber and the cage are eliminated, as 
was the case in the experiment represented by curve JJ, Fig. 5. This 
lag in saturation can not be accounted for by contact difference of poten- 
tial, especially in view of the fact that both the radiator and the wire- 
gauze cage were both brass. Two possible factors suggest themselves 
which may have contributed to the lag. One of these is the negative 
gradient due to space-charge effect caused by the radioelectric current, 
and the other is the infiltration of the accelerating field into the depres- 
sions on the surface of the radiator. The part played by the first of 
these factors must have been relatively small because the radioelectric 
currents involved in these experiments were not large. Therefore the 
lag must have been due in a large measure to the second factor. Experi- 
ment as well as theory shows that electrons produced by a beam of X-rays 
may have initial velocities having any direction. There can be no 
doubt that there are electrons among those liberated from atoms on the 
surface of the radiator which are captured by neighboring atoms and 
which would leave the radiator if a slight impulse could be given to them 
in the proper direction. This is especially true when the surface of the 
radiator is not perfectly smooth and consequently some of the surface 
atoms are in depressions relative to their neighboring atoms. The 
accelerating field infiltrates into the depressions on the surface of the 
radiator and pulls away from the radiator electrons whose velocities 
make small angles with the plane of the radiator and which without 
this impulse would have been just barely captured by neighboring atoms 
which project out on the surface. All the electrons which, in the absence 
of an accelerating field, would have been captured by a projecting atom 
after crossing a depression on the surface are pulled away from the 
radiator when the accelerating potential equals the saturation potential. 

On the infiltration hypothesis the value of the saturation potential 
will depend upon the distance across which the accelerating potential 
acts and upon the condition of the surface of the radiator. It is possible 
therefore to give it a further test by obtaining radioelectric curves with 
different distances between the radiator and the gauze, and with radiators 
of the same material but with different surface conditions. 
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The curves of Fig. 7 represent the results of experiments in which the 
experimental disposition of the radioelectric chamber was further altered 
as indicated by the inserted sketches. In the experiment represented 
by curve J a positive potential of 200 volts was applied to the outer cage. 











Fig. 7. 


The cathode potential was 200 volts for both curves. The general 
character of these curves is in agreement with the results of the experi- 
ments described in the foregoing pages. 


Ill. 


The relation between the cathode potential and the radioelectric 
current was investigated and the results indicated by curves J and JJ 
of Fig. 8 were obtained. In these curves the abscissas denote the cathode 
potential in the X-ray compartment and the ordinates the positive 
saturation current of electrons from the radiator to the wire-gauze cage. 
In the experiment represented by curve J the window in partition D, 
Fig. 1, was open, while in the case of curve JJ it was closed with a thin 
celloidin film. The readings for these curves were taken alternately, 
that is, a reading for a given cathode potential was taken for each curve 
before altering the potential for another pair of readings. 

Both curve J and curve JJ show the presence of characteristic X-radi- 
ations. In curve J there are three well-defined peaks at 400, 580 and 800 
volts. The first two of these peaks are shifted to the right in curve JJ 
indicating that the rays responsible for these peaks have suffered partial 
absorption in passing through the celloidin film. They must therefore 
be due to characteristic radiations from the platinum anode in the X-ray 
compartment. The third peak is, in all likelihood, due to L-radiation of 
copper, which forms with zinc the two elements in the brass radiator. The 
potential at which this peak appears is near enough the computed value 
of the potential at which L-radiation of copper is to be expected. Using 
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Kossel’s! formula L, = Kg — K,, the quantum relation, and the known 
values of K, and Kg, for copper this potential is found to be 778 volts. 
The corresponding potential for zinc is 930 volts; therefore the sudden 
rise of both curves in the neighborhood of 950 volts may be due to 
L-radiation of zinc. 

It may be stated here parenthetically that the radioelectric method 
described in this paper lends itself very readily to the detection of K- 
and L-radiations of elements of low atomic numbers, and the lower 





Fig. 8. 


series of characteristic radiations of elements of high atomic numbers. 
In the usual spectrometer method the beam of X-rays has to pass 
through absorbing matter before entering the ionization chamber where 
the effect to be observed is produced. In the radioelectric method there 
need be no absorbing material in the path of the beam before entering the 
radioelectric chamber where the observed effect is produced. The author 
hopes to use this method in studying characteristic radiations of low 
frequency using a modified apparatus especially adapted for the purpose. 

Curve III, Fig. 8, shows the absorption of soft X-rays by the celloidin 
film. The ordinates of this curve represent a coefficient of absorption 
defined by 

I, — Ts 
i a 
where J; and J, denote, respectively, the ordinates of curves J and JJ. 
It will be observed that the coefficient of absorption is greater at lower 
potentials. 

I wish to’ thank Sir J. J. Thomson for suggesting this investigation 
and for placing the facilities of the Cavendish Laboratory at my disposal 
during the preliminary stages of the investigation. The experiments 
described in this paper were carried on in the Sloane Physical Laboratory 
while I was still a member of the Physics Department of Yale University. 

New York City, April, 1919. 
1 Kossel, Deutsch. Phys. Gesell. Verh., 16, p. 953, I919. 
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THE SIZE AND SHAPE OF THE ELECTRON. 


By ArTHUR H. COMPTON. 


SYNOPSIS. 


In this paper it is pointed out that Sir J. J. Thomson’s explanation of the fluores- 
cent absorption of X-rays on the basis of incident radiation consisting of short 
double pulses, taken in connection with Moseley’s law relating atomic number 
and the wave-length of characteristic X-radiation, leads to Owen’s experimental 
law for the fluorescent absorption of moderately soft X-rays, namely that 
t/v = KN‘, t/v being the atomic fluorescent absorption coefficient, N the atomic 
number, A the wave-length of the incident radiation, and K a constant. Thus, 
though Thomson's explanation cannot be considered complete, it affords a pro- 
visional theoretical basis for Owen's law which has heretofore been lacking. 

It is then shown that the law of absorption which holds for moderate frequencies 
must be modified in order to apply at very high frequencies in view of the fact, 
shown in a previous paper, that the wave-length becomes comparable with the 
radius of the electron. For absorbing elements in which excess scattering of the 
primary beam is inappreciable, the following law of absorption is derived: 
u/vy = KgN‘)3 + a/v where u/v is the atomic total absorption coefficient, a/v is the 
atomic scattering coefficient, and ¢ and o are functions of the ratio of the wave- 
length to the radius of the electron which are evaluated in the paper. 

It is found that this formula agrees satisfactorily with the experimental values 
for the absorption of high frequency radiation in aluminium, the only substance 
for which the requisite data are available to make an adequate test, if the electron 
is taken to be a ring of radius (1.85 + .05)x107-"%cm. This result is in good agree- 
ment with the value 2 x 107! cm. previously estimated by the writer on the basis 
of measurements of the scattering of high frequency radiation. 


II. THE ABSORPTION OF HIGH FREQUENCY RADIATION. 


N the first paper of this series' it was pointed out that the experimental 
observations on the scattering of high frequency radiation by matter 
could be explained only on the hypothesis that the radius of the electron 
is comparable with the wave-length of hard y-rays. The phenomena of 
scattering were found to be quantitatively accounted for, within the 
probable errors of observation, if the electron was considered to be a 
flexible ring of electricity with a radius of 2 X 107° cm. The present 
discussion will deal chiefly with the modifications to be expected in the 
law of absorption of high frequency radiation if the electron is considered 
to have appreciable dimensions. Before studying these modifications, 
however, it will be instructive to consider the law of absorption for wave- 
lengths which are long compared with the radius of the electron. 
1A. H. Compton, Puys. REV., 14, 20 (1919). 











248 ARTHUR H. COMPTON. i. 


The absorption of high frequency radiation is due to two independent 
processes. The more important of these is usually the energy absorbed 
in exciting corpuscular and fluorescent radiation. There is always, 
however, a certain amount of energy removed from the primary beam 
because of scattering by the electrons in the absorbing screen. Thus the 
total absorption coefficient may be written as 

M=T+9, 
where 7 represents the fluorescent absorption, and oa is the absorption 
due to scattering. In order to compare directly the absorption by 
different elements, it is customary to consider the ‘‘atomic absorption 
coefficient,”’ 4/v, where v is the number of atoms per unit volume of the 
absorbing screen and uz is the linear absorption coefficient. We may then 
write 


a 


wilt 
za 
zilq 


Owen has shown! that the atomic fluorescent absorption coefficient 
follows the experimental law, 


(1) : = KN, 


where JN is the atomic number of the absorber, \ is the wave-length 
of the incident rays, and K is a constant over certain ranges but changes 
abruptly when \ passes the critical wave-length required to excite a 
characteristic radiation in the absorber. The quantity a/v has been 
shown by Barkla and Dunlop? to be calculable for the lighter elements 
and for moderately hard X-rays according to Thomson’s formula, 


(2) > 3 aC 


where e is the charge and m the mass of an electron and C the velocity 
of light. The total atomic absorption coefficient, for the elements of 
low atomic weight and for X-rays of moderately short wave-length, 
obeys therefore the experimental law, 


(3) : . = KN‘? + ao/v. 


The absorption which is expressed by relation (1) is generally supposed 
to be due chiefly to a transformation of the incident energy into fluores- 
cent radiation of longer wave-length. As in the similar case of ordinary 
light, no satisfactory explanation of this fluorescent absorption has been 


1E. A. Owen, Proc. Roy. Soc., 94, 522, 1918. 
2C. G. Barkla and J. G. Dunlop, Phil. Mag., 31, 222, 1916. 
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proposed. Sir J. J. Thomson has suggested a partial explanation, how- 
ever, on the basis of an incident X-ray pulse of special wave-form, which 
leads to the experimental law for the variation of the fluorescent absorp- 
tion with the wave-length of the incident rays and with the atomic 
number of the absorber. He shows! that if the pulse consists of an 
electric intensity X through a distance d followed by an intensity — X 
for a distance d, after which the field due to the pulse vanishes, and if 
the distance 2d is short compared with the wave-length of the radiation 
excited by the absorbing electron, the atomic fluorescent absorption 
coefficient is 
T f Ni, 

(4) 54 a? Ly: 
In this expression 2d may be taken as the wave-length of the incident 
radiation, and m, is the number of electrons per atom of the type k, 
the wave-length of whose free radiation is ),. 

Moseley has shown that the square root of the frequency of either the 
K or the L characteristic X-radiation is nearly proportional to the 
atomic number of the radiator. The same relation holds for Siegbahn’s 
M radiation. We may therefore write 1/\,2 = c,N*, where N is the 
atomic number of the absorbing element, and the constant c has dif- 
ferent values for the different types of characteristic radiation, but it is 
the same for all elements. The factor =;/d,2 may therefore be written 
as N*c,n;,. Since the number of the electrons of any type k is probably 
the same for all the elements which have electrons of this type, and since 
those terms in the summation which are due to the most rigidly bound 
electrons are the most important, the factor Xcym, may be considered to 
be practically constant for all elements except possibly the very light 
ones, which may not possess electrons of the same high frequency types 
as do the heavier elements. Writing also for the thickness 2d of the 
incident X-ray pulse its equivalent A, Thomson’s expression for the 
fluorescent absorption coefficient becomes: 


wd ia y, 
(5) ° = K, N43, 
where 
2 é 
Ki = = eye Se. 
mr mC 


As thus stated, Thomson’s result is identical in form with the experi- 
mental law expressed by equation (1). 
The incompleteness of this solution of the problem is evident, however, 


1Sir J. J. Thomson, Conduction of Electricity through Gases, 2d ed., p. 325. 
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from the following considerations. In the first place, the solution by 
hypothesis does not apply if the natural period of any of the electrons in 
the absorbing material is comparable with or shorter than the period of 
the incident radiation. That is, the result is derived strictly for only 
the case where the wave-length of the incident radiation is considerably 
shorter than the wave-length of the K radiation characteristic of the 
absorbing material. In the second place, the value of the coefficient 
K, is too great by a factor of about 10.!_ In the third place, the basic 
hypothesis of incident X-rays consisting of very short pulses is incon- 
sistent? with the fact that crystal analysis shows no X-radiation of fre- 
quency higher than that given by the relation hy = eV. 

The exact similarity of form of the two expressions, and the fact that 
even the coefficient K; is not far from the proper order of magnitude, 
are nevertheless coincidences too remarkable not to have some physical 
significance. Thus, for example, we could hardly expect such an agree- 
ment if this absorption were not really due principally to fluorescent 
transformations. In any case this explanation affords a provisional 
theoretical basis for Owen’s Law which has heretofore been lacking. 

Expression (2) represents the scattering coefficient if the electrons in 
the atom are far enough apart to scatter independently, and if the 
wave-length is great enough for the electrons to act sensibly as point 
charges. The first of these conditions has been shown by the experi- 
ments of Barkla and Dunlop to be satisfied for X-rays of ordinary hard- 
ness in the case of absorbing elements of lower atomic weight than copper. 
For the heavier elements they find the scattering to be greater than thus 
calculated. This is probably due chiefly to a grouping of the electrons 
so close together in the heavy atoms that the waves scattered by the 
different electrons are nearly in the same phase. The increased scattering 
may also be partly due to the fact that there are in the heavier atoms 
certain electrons whose natural frequency is near that of ordinary X-rays. 
The second condition, that the electron must be small compared with 
the wave-length of the incident beam of X-rays, has been shown in the 
first paper of this series to hold for moderately hard radiation but not to 
hold if the wave-length of the incident rays is shorter than about 0.3 A.U. 

In order to obtain an expression for the total absorption which will 
be valid at shorter wave-lengths, two modifications must be made in 
formula (3). In the first place, as just suggested, the value of the atomic 
scattering cannot be considered constant, but must decrease when the 


11f, however, as suggested by Thomson’s recent theory of atomic structure (Phil. Mag. 
37, 419, 1919), not all the atoms possess electrons of a given type K, it is possible that K, 
may be equal to K. 

2 Cf. D. L. Webster, Puys. REV., 7, 609, 1916. 
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wave-length becomes comparable with the diameter of the electron. If 
the electron is assumed to have the form of a flexible ring of electricity, 
it has been shown in the first paper of this series that the scattering will 
be expressed by the formula 


c 40 a \? a \4 a \é 
(6) “ = %[; — 2961 (<) + 524.2(2) — 5,308 (£) eee , 


where go/v is the atomic scattering coefficient as expressed by equation 
(2), a is the radius of the electronic ring, and \ is the wave-length of the 
incident radiation. The values of the coefficients of the powers of a/d 
have been given in detail in the previous paper.! 

The second modification concerns the coefficient of \* in the term 
representing the fluorescent absorption. In the derivation of Thomson’s 
expression (4) for the fluorescent absorption, he shows that the energy 
absorbed from the incident ray by an electron is proportional to the 
square of the acceleration to which the electron is subject. It would 
seem that this relation must hold in whatever manner the fluorescent 
absorption is calculated. The acceleration of a comparatively large 
electron will be less than that of a small electron of the same mass, 
however, when both are traversed by X-rays of the same intensity, since 
in the former case the phase of the incident ray will not be the same at all 
parts of the electron. The fluorescent absorption due to a large electron 
will therefore be less than the value KN‘)? by the factor, 





” { acceleration of large electron y 
? ™ \ acceleration of small electron J ° 


If the large electron is assumed to have the form of a ring, its accelera- 


-_ 














Fig. 1. 


tion when traversed by an X-ray may be calculated in the following 

manner. Let us consider the motion of the electron represented by the 

heavy ring in Fig. 1, when traversed by an electromagnetic wave propa- 
1A. H. Compton, loc. cit., p. 42. 
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gated in the direction — ZOZ. The electric intensity at a given instant 
at the point Q(a, a, 8, y) on the ring is 
§-Z 
X=A cos 2x (°5), 
r 
where A is the amplitude of the incident electric intensity, 276/A is the 
phase angle at the point O and z is the Z coérdinate of the point Q. But 
z = a(cosacosy + sina cos sin y), 

where a is the radius of the electron. The acceleration of the electron 
at this instant is therefore 


Aa 2a 2 wa 
ae f cos - {6 — a (cosa cos y + sin a cos 8 sin y) }dy, 
0 


where 7 is the charge per unit length along the circumference of the 
electron, and m is the electron’s mass. 

This integral is obviously a maximum when 64 is zero. The amplitude 
of the acceleration is therefore, 


Aan {" 27a 
f= aor [ cos { 2" (cos a cosy + sin a cos 6 sin ) bay. 
0 


This quantity may be written 


2nr 
f=Q f cos (k cos y + / sin y)dy, 
0 


where 
C, = Aan/m, 
a 
k =2n x COS @ 
es 
J = 2m x sin a Cos 8, 
or 


23 
f= af cos {M sin (y + A) }dy, 
0 


where M = vk? + Ff and A is the appropriate phase angle. Since the 
integration extends from 0 to 27, the value of A is immaterial, and may 
therefore be put equal to zero. The integral then becomes: 


2r 
f= af cos (M sin y)dy 
0 


= 2rC,J(M), 
where 
M2 M4 M® 
JoM =1 — ot 322 — aeeee t at, 








gaat SIZE AND SHAPE OF THE ELECTRON. 253 


1.e., Bessel’s J function of the zero order. Substituting 





27a ; a 
M= - VI — sin’? a cos? B 


and 
A 
2rC, = —-+ 2xan = Ae/m, 
m 
where e¢ is the total charge on the electron, we obtain 
Ae 21a >... 
at G-acade). 
f = Jo( x I — sin? a cos? B 
The ratio of the acceleration of the ring electron to that of a sensibly 
point charge electron is therefore 


2 ——_ 
n( = VI — sin? a cost). 


The required value of g is obviously the mean square of this quantity 
averaged over all angles a and 6 at which the ring electron may be 
oriented, 7. é., 


= =f [ re(2* Vi — sin? « cos?) dads. 
us 0 « r 


This is the same integral as that which enters into the calculation of the 
scattering by a ring electron, the solution being 


rm aS) YF) 
dethie.  e h CS ie, & Sie, 


where the constants a, B, y---: have the values given on page (42) 
of the first paper of this series. For purposes of calculation this 
function may be more conveniently expressed as 





a? a‘ a’ 
g=I —nGtou-Ppgt ‘ 
where 
n = (27)*a = 14.8044, t = 545.4744, z= .81II, 
o = (27)*8 = 93.6041, u = 301.8218, @ = .1535, 
p= = 306.6932, v = 133.5450, b = .0254, 
gq = 608.7241, w= 48.3256, c = .0037, 
r = 807.8924, x = 14.5661, d = .0005, 
S = 766.5255, y= 3.7134, e = .OOO!. 


The values of yg, and of the ratio o/o of the scattering by a ring electron 
to that of an electron of negligible size, are shown for different values 
of \/a by curves J and JI respectively of Fig. 2.1 


1In a preliminary paper on the absorption of high frequency radiation (PHys. REv., 13, 
296, 1919), the quantity No was used in place of the quantity g. This was justified by the 
fact that for values of \/a greater than 8, with which that paper was concerned, ¢ is almost 
exactly equal to WVo/oo. 
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The total absorption of high frequency radiation by the lighter elements 
may therefore be expressed by the formula, 


(8) cok Nas + 
v v 


where a/v and ¢ have the values assigned by equations (6) and (7), 
and depend upon the radius of the electron. If this radius is taken as 


10 








.o2 A.U., as estimated from determinations of the scattering, K is the 
only arbitrary constant involved in this expression; though it must be 
admitted that the exponents of N and X\ have no conclusive theoretical 


support. 
Ihe only reliable experimental data which are of value in testing 


expression (8) are those which refer to the mass absorption coefficients 
in aluminium.'! In Fig. 3 are plotted the cube roots of the mass absorp- 


1It is unfortunate that the measurements by Barkla and White (Phil. Mag., 34, 270, 
1917) were not made with strictly homogeneous rays of known wave-length. They deter- 
mine the effective wave-length of their rays by the absorption in copper, using the values 
given for this material given by Hull and Rice. Since, however, the variation of the absorp- 
tion coefficient with wave-length of the light materials, aluminium, paper, paraffin, used by 
Barkla and White is much smaller than the variation in the case of copper, the effective 
wave-length of a heterogeneous beam will not be the same in the different materials. More- 
over, the effect of inflection in the experimental absorption curves renders the true absorption 
for any definite wave-length uncertain. It would be of great interest to have the measure- 
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tion coefficients for this metal against the wave-length. The data include 
all the published measurements for strictly homogeneous rays of known 
wave-length which I have been able to find. The dotted line represents 





Fig. 3. 


the simple cube law as expressed by equation (1), which neglects the 
absorption due to scattering. The broken line represents Owen’s formula 
(3), which takes into account the scattering but is based on the hypothesis 
of a relatively small electron. The solid line represents equation (8), 
calculating the absorption on the basis of a ring electron of radius .02 
A.U. as estimated from determinations of the scattering.! These curves 
are obtained from the values of u/v as calculated from expressions I, 3 
and 8 respectively, by multiplying by the factor v/p, taking v for alumin- 
ments on these absorbers of low atomic weight repeated with strictly homogeneous radiation, 
since the predominance of the scattering over the fluorescent absorption by the light elements 
makes the measurements made on them of maximum value in determining the radius of the 


electron. 
1 Tbid. 
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ium to be 6.06 X 10” and p to be 2.71. For the longer wave-lengths the 
three formulas differ but little, and the experimental variations are of 
little significance. It is at the shorter wave-lengths that the effects of 
the different hypotheses become evident. Here it is apparent how 
failure to take into account the scattering in equation (1) and the effect 
of the electron’s size in equation (3) makes the dotted and the broken 
lines depart seriously from the experimental values, whereas the solid 
line shows a very fair agreement. 

The mass absorption coefficients of aluminium for wave-lengths less 
than .35 A.U. are plotted in Fig. 4 in larger scale, in order to show the 


9.8 










20 





25° 30 X .35 





10 I 
Fig. 4. 


effect on the form of the theoretical curve of changing the value assumed 
for the radius of the electron. Here, as in Fig. 3, the dotted and the 
broken curves représent formulas (1) and (3) respectively, and both are 
obviously inaccurate for these very hard rays. It is of particular interest 
to note that the fact that the total absorption falls below the value of 
go/p, required for the scattering coefficient alone on the basis of a small 
electron shows the hypothesis of a sensibly point charge electron to be 
untenable. Of the three solid lines, curve J is calculated on the basis 
of an electron of 2.0 X 10cm. radius, curve JJ fora radius of 1.85 X 10” 
cm., and curve IJI for a radius of 1.7 X 10° cm. Unless there is some 
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consistent error in the experimental figures, we can, on the basis of the 
agreement of these curves, take the radius of the electron to be 
(1.85 + .05) X 10! cm.! 


1 Attention has been called repeatedly (cf. Nature, 100, 510, 1918; H. S. Allen, Proc. 
Phys. Soc., 30, 143, 1918; 31, 53, 1919) to the fact that my original estimate of the radius of 
the electron (Jour. Wash. Ac. Sci., 8, 1, 1918) as 2.3 x 107! cm. was based on the value 
9 x 107° cm. for the wave-length of the hard rays from radium C as determined by Rutherford 
and Andrade (Phil. Mag., 28, 263, 1914) instead of a value one third to one tenth as large 
more recently estimated by Rutherford (Phil. Mag., 34, 153, 1917) in light of measurements 
on the absorption of hard X-rays. In these latter measurements the X-radiation was ob- 
tained from a Coolidge tube operated by an induction coil, and the rays were filtered through 
considerable thicknesses of iron and lead. The wave-length of the end radiation was esti- 
mated according to the relation X = hC/eV, where h is Planck’s constant, C is the velocity 
of light, e the electronic charge, and V is the voltage across the X-ray tube. The value of 
V used in Rutherford’s calculations was the maximum voltage across the tube, which obviously 
is considerably greater than the effective voltage. Furthermore, the filtering method of 
obtaining the radiation which has the shortest wave-length is uncertain in its results, as is 
apparent from the false indications obtained by this method by Rutherford, Barnes and 
Richardson (Phil. Mag., 30, 339, 1915). Both of these sources of error lead to a calculated 
value of the effective wave-length which is smaller than the true value. 

That these errors are actually present in Rutherford’s work is suggested by the following 
considerations. (1) For \ = .086 A.U. (maximum voltage = 144,000) he was unable to 
measure the intensity of the beam accurately after it had passed through 5 mm. of lead, 
whereas Rutherford and Andrade (Phil. Mag., 28, 266, 1914) find that homogeneous radiation 
shorter than 1.16 A.U. penetrates 6 mm. of lead without great loss. 

(2) The absorption coefficient measured by Rutherford ‘‘is intermediate between uw and 
wu +o (where pz is the true [fluorescent] absorption coefficient and o the scattering coefficient), 
and probably closer to the former. The value of uw as given by Hull and Miss Rice corre- 
sponds to uw +o in the above notation.”’ That is, using the notation of the present paper, 
the data of Hull and Rice refer to the total absorption yu, while the figures given by Ruther- 
ford refer more nearly to the fluorescent absorption r. Nevertheless, Rutherford points out 
that his measurements on both aluminium and lead agree with those of Hull and Rice for the 
wave-lengths which overlap. These wave-lengths are, however, in the neighborhood of 
.135 A.U., where, whether the electron is taken to be very small or of the size here estimated, 
by far the greater part of the total absorption in the case of aluminium is due to scattering. 
Rutherford’s values for the absorption coefficient should therefore have been much smaller 
for aluminium than the values of Hull and Rice. 

(3) That the minimum wave-length produced by the tube is not separated out by the 
filtering process is apparent from the following data on the absorption coefficient in lead for 
various thicknesses of the lead screen, as taken from Rutherford’s paper (p. 154): 











Max Range of Thickness’ Absorption Max Range of Thickness! Absorption 
Voltage. in Lead, mm. Coefficient. Voltage. in Lead,mm. | Coefficient. 
170,000 3.1-3.7 18 196,000 4.3-5.5 13 

3.7-4.3 17 5.5-6.4 12 
4.3-5.5 16 7.8-9.2 10 
| 8.8-10.0 8.5 





If the absorption coefficients for 196,000 volts, for example, ‘are plotted against the reciprocal 
of the mean thickness of the absorption screen, the curve shown in Fig. 5 is obtained. There 
is apparently no tendency for the absorption coefficient to approach a constant finite value for 
large thicknesses of the absorption screen. In fact these figures would rather lead to the con- 











258 ARTHUR H. COMPTON. oun. 


If a similar calculation is made in the cases of copper and lead, the 
absorption coefficients of which for very short wave-lengths have been 
determined by Hull and Rice, the agreement for long wave-lengths is 
satisfactory, but for shorter wave-lengths the calculated values are some- 
what too low. The difference is greater in the case of lead than in the 


case of copper. This discrepancy is doubtless due at least in part 
to the fact, pointed out by Barkla and Dunlop,' that a considerable 


excess scattering occurs in these metals when traversed by X-rays, while 


clusion that the absorption coefficient of the rays, after passing through a very thick lead 
screen, approaches zero. It is certain, at least, that the true absorption coefficient correspond- 
ing to the shortest wave-length produced at 196,000 volts is much less than the value 8.5 
used by Rutherford. 

It appears from these considerations that the wave-lengths assigned by Rutherford to 
correspond with the different observed absorption coefficients are considerably too short. 


ent —>_ 
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For this reason I have not considered his estimate of the wave-length of hard y-rays, based 
on these absorption measurements, as reliable as the direct determinations of Rutherford 
and Andrade. 

Note added September 3, 1919: After reading over these comments, Professor Rutherford 
still believes in the accuracy of his later measurements rather than in the earlier determina- 
tions by himself and Andrade. He writes me, ‘‘ When I recall the faintness of the radium C 
lines and the difficulty of fixing them. . . . I am inclined to think that a mistake could easily 
arise. . . . Iam inclined to give a good deal more weight to the Coolidge Tube experiments 
than you do.’’ As Rutherford suggests, the question is one which must finally be answered 
by more refined measurements of the absorption of very hard homogenous rays of known 
wave-length. 


1 Barkla and Dunlop, loc. cit. 
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it does not occur to an appreciable extent in the case of aluminium for 
these wave-lengths. It is therefore impossible to test on the basis of 
measurements on lead and copper the validity of the assumptions under- 
lying formula (8), which applies strictly to only those absorbing materials 
in which excess scattering does not occur. 

Conclusions.—The excellent agreement of the absorption as calculated 
by equation (8) with the experimental values, in the only case (alumin- 
ium) in which the requisite data are available to make an adequate test, 
constitutes a strong support of the fundamental assumption of an electron 
of a size comparable with the wave-length of short X-rays. This agree- 
ment is the more significant since it is impossible to account for the low 
values of the absorption observed for very short X-rays if the electron 
is assumed to be sensibly a point charge of electricity. 

These results must also be considered as a partial confirmation of the 
formula (8) proposed from theoretical considerations for the absorption 
coefficients of elements which do not show appreciable excess scattering. 

Assuming the validity of this formula and the accuracy of the measure- 
ments of Hull and Rice on the absorption of hard X-rays in aluminium, 
and considering the electron to have the form of a flexible ring of elec- 
tricity, the radius of the electron is calculated to be (1.85 + .05) X 10cm. 


RESEARCH LABORATORY, 
WESTINGHOUSE LAMP COMPANY, 
May 24, IgI9. 
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PROCEEDINGS 


OF THE 


AMERICAN PHYSICAL SOCIETY. 


MINUTES OF THE PASADENA MEETING. 


HE ninety-eighth meeting of the American Physical Society was held in 
the Physics lecture room of Throop College, Thursday, June .19, in 
connection with the meeting of the Pacific Division of the American Associa- 
tion for the Advancement of Science. On Friday morning a joint meeting with 
the Astronomical Society of the Pacific was held. Dr. J. A. Anderson pre- 
sided at both meetings. There was an attendance of about forty. Members 
of the society were entertained at luncheon by Throop College on both days. 
On Friday they were invited to a garden party by Dr. and Mrs. Hale. 

The National Research Council’s laboratories at Throop College and various 
industrial laboratories in the vicinity were open to visitors. On Saturday 
morning many members of the society inspected the physical laboratory of 
the Mount Wilson Observatory in Pasadena, and later went by stage to the 
observatory, where they were entertained at luncheon and given an opportunity 
to inspect the equipment. Those who remained until evening made observa- 
tions with the 60- and 100-inch telescopes. 

On adjourning a vote of thanks was extended to the authorities of Throop 
College and Mount Wilson Observatory for their courtesies. 

The following papers were read: 

The Stability of a Rotating Parachute or Falling Body Rotating about a 
Vertical Axis of Symmetry. H. BATEMAN. 

The Most Probable Value of the Planck Constant h. RAyMonp T. BIRGE. 

The Stark Effect for Metals in the Ultra-Violet. J. A. ANDERSON. 

Absorption Effects with the Electric Furnace as Related to Temperature 
Classification. A.-S. KING. 

The Electric Furnace Spectra of Metals in the Infra-Red. A. S. KING. 

The Spectra of Krypton and Xenon in the Infra-Red. PAaut W. MERRILL. 

A Study of the Comparative Intensities of Spectrum Lines in Different 
Regions of the Arc as Compared with their Behavior in Other Sources. PAuL 
W. MERRILL. 

The Vapor Pressures of Hydrogen Chloride and Hydrogen Bromide above 
Their Aqueous Solutions. S.J. BATEs and H. D. KirscHMAN. 

Recent Observations of Tube-Arc Spectra, Especially in the Infra-Red. 
ARTHUR S. KInG and PAaut W. MERRILL. 
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The Reflective Power of Metals and Dielectrics in the Ultra-Violet. E. P. 
Lewis and A. C. Harpy. 

Determination of the Normal Temperature by Means of the Equation of 
the Seasonal Temperature Variation and the Thermograph Record. F. L. 
West, N. E. EpLEFSEN and S. P. Ew1na. 

Snow Crystal Studies. JoHN C. SHEDD. 

A Study of the Reversible Pendulum. Joun C. SHEDD and PavuLt KiRK- 
PATRICK. 

The Movement of Moisture in Soil by Capillarity. WILLARD GARDNER. 

Physical Constants Pertaining to the Ocean. GEORGE F. MCEWEN. 

Sparking Voltage of Point-to-Sphere Discharge by Means of a High-Voltage 
Direct Current Generator. E. R. WoLcortrt. 

Formula for the Wave-Length of M-Radiation. FERNANDO SANFORD. 

The Effect of Chemical Treatment on the Rate of Percolation of Water 


through Soils. A. E. Vinson and C. N. CatTLin. 
E. P. Lewis, 


Local Secretary. 


THE SPECTRAL TRANSMISSION OF FILTERS USED TO DETECT CAMOUFLAGE 
OR IMPROVE VISIBILITY.! 


By K. S. Grsson, E. P. T. TYNDALL AND H. J. MCNICHOLAS. 


ES says the war, the spectral transmissions of a large number and 

variety of filters were measured by the Bureau of Standards. Among 
the many uses to which these filters were put, were the detection of camouflage 
or the improvement of visibility. By the latter is meant increasing the 
ability of the eye or the photographic plate to detect the details of distant 
objects. : 

Examples of the different types of filters used for these purposes are given 
in the accompanying figures. In each figure is given also the relative visibility 
curve of the average human eye, that is, the relative sensibility of the eye to 
radiant energy of different wave-lengths. 

In Fig. 1 are shown a number of types of filters used to improve visibility. 
This is done by the absorption of the shorter wave-lengths, blue haze or brilliant 
glare being thus partially or completely eliminated. Goggles whose trans- 
missions are represented by curves 1 to 4 were much used by aviators, and 
those represented by curves 2 to 8 in photographic work, especially from air- 
planes. Numbers 1 to 8 are different shades of Corning glass G 38 (Noviol), 
G 36, G 34, and G 24. This same type of curve, in many of the goggles ex- 
amined, was produced by dyed gelatine or celluloid between glass. 

In Fig. 2 are given curves for certain types of aviator goggles known as 
‘“‘Brock”’ goggles, the color being produced by means of dyed gelatine between 
glass. No. 23 and No. 73 are similar to those of Fig. 1 and are doubtless used 


1 Abstract af a paper presented at the Washington meeting of the American Physical 
Society, April 25 and 26, 1919. 
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for the same purpose. The others, except No. 79, are dichromatic and used 
for the detection of camouflage. In most of the dichromatic screens success- 
fully used for this purpose, the two colors transmitted are approximately 
equal in luminosity. Other Brock goggles examined were No. 93, No. 14, and 
No. 25. Filters represented by curves 9 (gelatine dyed with methyl violet) and 
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Fig. 1. 


Spectral transmission of filters used to detect camouflage or improve visibility. 


15, and others similar have been of considerable value. In addition to the 
dichromatic screens, monochromatic filters are often of value, especially red 
(curve 8), violet or ultra-violet. 

Other dichromatic filters of very low transmission are shown in Fig. 3. 
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Fig. 2. 


Spectral transmission of filters used to detect camouflage or improve visibility. 


These are valuable for producing chromatic contrast between greens which 
match in daylight but have different reflecting powers for red. 
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Considerable time and effort was spent at the bureau during 1918 in making 
filters to detect camouflage, both in reproducing filters by request when the 
composition was unknown and only the spectral transmission determined, and 
in producing new ones. In Figs. 2 and 3 are shown, by circles, optical re- 
productions of Brock No. 61 and another filter of unknown composition (curve 
14). The other filters shown in Fig. 3 were also made at the bureau as 
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Fig. 3. 


Spectral transmission of filters used to detect camouflage or improve visibility. 


well as many others not shown. Capt. W. E. Mathewson, U.S. A. Ordnance, 
who was stationed at the bureau, and Irwin G. Priest, codperated in the 
preparation of these dyed filters. The compositions of these various filters are 


as follows: 
FILTER COMPOSITION 


Filter made to duplicate Brock No. 61. Separate gelatine solutions of iris violet and 
picric acid flowed on glass and cemented 
together with Canada balsam. 

Made to order to duplicate the transmis- Three separate films of gelatine on celluloid 
sion of filter submitted (Curve 14, dyed respectively with iris violet, tar- 
Fig. 3). trazine, malachite green. 

Curve 10. Made to show chromatic 
contrast in viewing greens. 

Curve 11. Made to show chromatic Film dyed with guinea green B + film dyed 


contrast in viewing greens. with naphthalene red. 
Curve. 12. Glass, cobalt blue D and Noviol C. 
Curve 13. Glass, cobalt blue C and 2 samples Noviol C. 


BUREAU OF STANDARDS, 
WASHINGTON, D. C., 
April 21, 1919. 
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A METHOD FOR THE COLOR GRADING OF RED FLAREs.! 


By IRwIN G. PRIEST. 


HE development of a method for the color grading of red flares was re- 
quested by the Colored Lights Section, American University Experiment 
Station. The flares submitted were classed as follows: (1) carbonate flares, 
burning with a yellowish red flame; (2) nitrate flares, burning with a com- 
paratively purer red flame; (3) a standard railway red fusee. It is under- 
stood that the red flame is due to strontium. 

Fundamentally considered, the ideal method of expressing the color of these 
flares would be by means of an energy-wave-length function showing the 
relative energy at each point in the visible spectrum. On account of the 
extremely erratic burning and consequent enormous instantaneous variations 
of intensity, such determinations are quite impracticable. For the same 
reason a monochromatic or trichromatic analysis would be difficult. 

Determinations by means of the Arons Rotatory Dispersion Quartz Plate 
Chromoscope*- have been found feasible and apparently satisfactory. As 
actually used the arrangement of apparatus is as follows: 

1. The Comparison Light Source is a vacuum tungsten lamp. This illumi- 
nates a magnesium carbonate block which reflects the light to the eye through 
the train of. nicol prisms, quartz plates, and the Lummer-Brodhun cube 
constituting one arm of the chromoscope. This lamp is operated at a constant 
voltage such that the light in the photometric field is color-matched with a 
standard acetylene flame* when the quartz plates are removed from the path. 

2. The Train of Nicols and Quartz Plates in order from the source to the 
eye is: Nicol No. 1, nicol no. 2, quartz plate no. 1, nicol no. 3, quartz plate 
no. 2, nicol no. 4. Each quartz plate is 2 mm. thick. Rotation of nicol no. 1 
with respect to no. 2 serves to vary brightness. Rotations of nicols nos. 2 
and 4 with respect to no. 3 when the quartz plates are in place serve to vary 
spectral distribution. These rotations are measured from zero for the extinc- 
tion position with quartz removed. 

3. The Light from the Flare is reflected by another magnesium carbonate 
block to the eye through a pair of nicols and the Lummer-Brodhun cube. The 
photometric field is thus illuminated, in one part by the light from the flare 
and in the other part by light the spectral distribution of which can be varied 
by rotation of the_nicols nos. 2 and 4. 

For the color variation in the flares submitted, it was found that nicol no. 2 
could be kept set constantly at 80° while the color variations could be followed 
by rotation of nicol no. 4. By using both hands the observer can control 
both total intensity (nicol no. 1) and spectral distribution (nicol no. 4). 

1 Abstract of a paper presented at the Washington meeting of the American Physical 
Society, April 25 and 26, rg19. 


2 Ann. der Phys., 39, 545, 1912. 
3 Coblentz and Emerson, B. S. Sci. Paper 279, 1916. 
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For the flares submitted the following rotations of nicol no. 4 gave color- 
matches: 


Carbonate flares... .... 0... ccc cc ccccccces 70° 
Se 54° 
i init stacernseedesaennsenaae 


From the above data, the relative spectral energy distribution of acetylene! 
and the rotatory dispersion of quartz, the relative spectral energy distribution 
of the light found to color-match the light from the flare can be computed. These 
computations have been made and the results are shown in the accompanying 
figure. To facilitate comparison, the ordinates are all arbitrarily made 100 
for wave-length 720 millimicrons. These computations would ordinarily be 





ENERGY 


Fig. 1. 


very tedious, but are greatly facilitated by extensive tables which have pre- 
viously been prepared and are on file at the bureau. ; 

The method thus determines not the actual spectral energy distribution of 
the flare but a spectral energy distribution which color-matches it. This ap- 
parently meets all present actual needs for color-grading these flares. 

The apparatus could also be adapted to determine the candlepower of the 
flares.® 

The report which is abstracted above was made to the American University 
Experiment Station, July 6, 1918. 

NATIONAL BUREAU OF STANDARDS, 
April 22, 1919. 


1 Coblentz and Emerson, B. S. Bull. 13, 363. 
2 See also Priest, PHys. REV., (2), 10, 208, August, 1917. 
3 Priest, PHys. REV. (2), 6, 64; 9, 34I. 
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APPLICATIONS OF THE CATHODE-RAY TUBE IN RapDIO WorkK.! 
By L. E. WHITTEMORE AND L. M. HULL. 


HE cathode-ray oscillograph furnishes the only means of mapping wave 
forms and of determining directly the phase relations of currents and 
voltages in radio frequency circuits. It is particularly useful in studying 
generating or receiving circuits in which continuous oscillations are maintained. 
Two general types of cathode-ray tube have been used in such investigations 
at the Bureau of Standards, those having the usual plane cathode of metal 
and those having a cathode consisting of a heated filament from which the 
electron emission is spontaneous. Tubes of the former type are constructed 
in the usual way, with aluminum electrodes, a screen coated with calcium 
tungstate, and aluminum plates for electrostatic deflections of the cathode 
beam sealed inside the tube. They require exciting voltages of from 8,000 
to 20,000 volts, and are suitable for the measurement of oscillating currents 
of the order of magnitude of one ampere. The high voltage is obtained from 
a 60-cycle power line and is rectified with two kenotron rectifiers with a suitable 
combination of choke coils and capacities for smoothing out the rectified wave. 


Screen 





























A, 


Cathode 


Fig. 1. 


A successful hot cathode tube has been constructed using a platinum filament 
coated with a mixture of calcium and barium oxides. A diagram of this tube 
and the exciting circuit is shown in Fig. 1. The diaphragm is constructed of 
metal and is made the anode. For the particular type of diaphragm construc- 
tion shown in the figure we are indebted to the General Electric Company. A 
concentrating coil of 500 ampere turns is used with the tube and an extremely 
fine, sharp spot is produced on the screen. Since relatively low exciting 
voltages are used, the cathode stream is quite sensitive to electrostatic or 
electromagnetic deflecting fields, and the tube is suitable for measuring the 
oscillating electron currents obtained in three-electrode electron tubes, which 
are of the order of magnitude of 0.05 ampere. 

Oscillograms are made with these tubes as a part of the regular tests per- 


1 Abstract of a paper presented at the Washington meeting of the American Physical 
Society, April 25 and 26, 1919. 








Vor. XIV. THE AMERICAN PHYSICAL SOCIETY. 267 
formed upon radio transmitters submitted to the Bureau of Standards. The 
quenching action of different spark gaps is determined directly by passing the 
gap currents through suitable deflecting coils placed around the tube below 
the anode, a time axis perpendicular to the current deflection thus produced 
being provided by connecting the electrostatic deflecting plates across the 
capacity-in the closed oscillatory circuit. 

The cathode-ray oscillograph is now being used in an investigation of the 
harmonics produced in antenna circuits by electron tube generators. Dynamic 
characteristic curves are obtained for a given generator by impressing the 
oscillating grid voltage upon the deflecting plates and allowing the electron 
currents to flow through the deflecting coils. The wave forms of the antenna 
currents are determined by providing a sinusoidal time axis from a separate 
generator tuned to a lower frequency of which the frequency of the current 
oscillation is a suitable multiple. 

The combination of an electron tube generator, which is capable of furnishing 
currents gt any frequency up to that corresponding to a wave-length of a few 
centimeters, with a cathode-ray tube having a slow-moving electron stream, 
whose deflections are closely proportional to the instantaneous values of these 
oscillating currents, offers an opportunity for much profitable research, with 
possibilities of valuable contributions to modern electron theory. 


COMMENTS ON SPECTRAL RADIATION FORMUL.! 
By W. W. COBLENTz. 


T the New York meeting of this society (March 1, 1919) Mr. I. G. Priest 

presented an empirical radiation formula,? and data purporting to 

show that this formula fits the experimental observations at least as well as, 

if not better than, does the Planck spectral energy equation from which it 
was obtained. 

There are two sets of experimental data available for determining the 
merits of a proposed spectral radiation formula; (1) the data published by the 
writer,®> which pertain to the spectrum extending from 0.9 yu to 1.5 4 and from 
3.6 w to 5.5 mu, and especially (2) the data published by Rubens and Kurlbaum* 
which relate to the spectrum at 24.0 uw, 31.6m@and 51.2yu. In fact, any formula 
which is not in agreement with the data at these long wave-lengths is usually 
given but little consideration. 

Mr. Priest makes the mistake of computing his data in terms of the maximum 
emission, which point, for the temperatures attainable, involves the greatest 
errors owing to spectral impurity and the greatest atmospheric absorption. 

1 Abstract of a paper presented at the Washington meeting of the American Physical 
Society, April 25 and 26, 1919. 

2 Priest, PHys. REV., 13, p. 314, 1919; Jour. Opt. Soc. Amer., 2. p. 18, 1918. 


3 Coblentz, Bulletin Bureau of Standards, 13, p. 459, 1916; see Figs. 1 and 2. 
4 Rubens and Kurlbaum, Sitzber Akad. Wiss. Berlin, XLI., p. 929; 1900. 
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And he makes the further mistake of using the single, highest point, Em = 463 
of Fig. 2 (loc. cit.) instead of the more probable value, Em = 450, which is in 
common with the two series of measurements. Now it so happens that the 
value Em = 463 is high because at this point the temperature of the radiator 
was slightly above the average for the series. The rest of the observations 
are in close agreement. They do not differ systematically throughout the 
two curves which were obtained at an average temperature difference of only 
0.°5 C. (4 microvolts by the thermocouple). The published difference in 
temperature, of 1°, is the result of a supposed change in the thermocouple 
calibration. As a result, the ‘experimental data,’’ given in col. VI. of his 
table, areerroneous. Forexample, atAT = 1900, Ey, = 0.605 instead of 0.581. 

Instead of the excellent agreement claimed by Priest, using the most prob- 
able radiation constants C2 = 14350 and A = 2890 (= Am7Z) the computed 
curve falls below the observed curve by 3 to 4 per cent. at 3.6 u by 8 per cent. 
at 4.5 and 10 to II percent. at 5 to6.2y. (See his tables for AT = 6,000 to 
9,900, column (II.)-(III.).) Upon my insistence that the formula must fit 
the data closer than 5 to 10 per cent., he adopted the value of A = 2940, 
which is the old Lummer Pringshein value, long since abandoned as erroneous 
because of an erroneous temperature scale, and wave-length calibration curve. 

Using the arbitrary constant, A = 2940, brings a closer agreement, say I 
to 2 per cent. at 4 to 5m, but then there are greater deviations at 0.9 to 1.5 u. 
This is merely a compromise. In these two spectral regions (0.9 to 1.5 u and 
3.6 to 5.5m) which comprise the most reliable data obtainable at present, 
computations made by using the Planck equation, fit the smooth curve drawn 
through the observations to + 0.3 per cent. to + 0.7 per cent. Readers in 
doubt about the matter can see a least square reduction of these data by 
consulting a paper by Mr. H. M. Roeser'; and can make their own computa- 
tions using the writer’s experimental data, there published.? 

Rubens and Kurlbaum (loc. cit.), using radiations of wave-lengths 24.0 yp, 
31.6 (residual rays from fluorite) and 51.2 (rock salt) and a temperature 
range of — 188° C. to + 1500° C. found that computations based upon Planck’s 
equation fitted the observed curves so closely that they resorted to tabulation 
in order to show the small deviations. For the impure residual rays from 
fluorite, the maximum deviation of the computed from the observed data was 
3 to 5 per cent., for the whole temperature range; while in the temperature 
range of 750° to 1500° C. the deviation was from 0 to 1.5 per cent. For the 
residual rays, obtained by reflection from rock salt (A = 51.2) the maximum 
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1 Roeser, Bul. Bur. Stds., 14, p. 237, 1917; see Fig. 1, p. 241. These same data are plotted 
in Fig. 1; B.S. Bul., 13, p. 474. 

2 (Added by author subsequent to meeting.) In a paper presented at this meeting Mr. 
Priest has modified his formula in order to fit certain experimental requirements in the 
visible spectrum. Although the writer's ‘‘experimental data’’ have been adjusted to fit 
the formula, there is a difference of 5 to 8 per cent. between the computed and observed data, 
at 4.64 to 5u (AT = 7,408 to 7,983) and a still greater discrepancy at 50u. The futility 
of attempting to make things fit in one part of the spectrum at the expense of another part 
should be apparent. 
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deviation of the computations from the observations, in the temperature range 
from — 80° C. to + 1500° C. is 1.7 per cent. and the predominating deviation 
is + 0.9 per cent.—a truly remarkable agreement when one considers the 
difficulties involved in the experiments. 

On the other hand, Priest’s tabulated data show that, for \ = 51.2 and 
for a temperature range of — 80° C. to + 1680° C. (AT = 10,000 to 100,000), 
using A = 2,940, the difference between the data computed by his empirical 
formula and those computed by Planck’s formula (which is in agreement 
with the experimental data) is — 10 per cent. at 118° C., — 3 p.c. at 507° C., 
+ 7 p.c. at 900° C., + 33 p.c. at 1290° C., and + 53 p.c. at 1680° C. The 
agreement is somewhat closer when using A = 2,890. This empirical formula 
offers no important advantages in simplifying experimental work, and in 
computing experimental data. The advantages claimed for the use of fre- 
quencies instead of wave-lengths are open to question. 

The radiation constants are now known to such an accuracy that no new 
investigations should be undertaken unless the laboratories concerned are 
prepared to carry on the work for years, in order to attain a still higher accuracy. 
It will, therefore, be left primarily to the national laboratories. Some of these 
laboratories have their plans already formulated and since much preliminary 
computation has already been completed, using the Planck equation, which is 
known to fit the observational data for a spectral range of 0.6 to 50, with an 
accuracy of I to 3 per cent., which is the accuracy of the experimental data, 
experimenters will be loath to turn aside to test an empirical formula which, 
in the same parts of the spectrum, shows a disagreement of 10 to 50 per cent. 
with the observations. 

The Planck equation is based on theoretical foundations, and after almost 
two decades of discussion it remains unchanged. It has been indicated that 
numerous other formule can be set up which will represent the experimental 
data. But it seems futile to set up a formula, without a theoretical founda- 
tion, especially when the accuracy attainable is as limited as in using the 
empirical formula just discussed. 


BUREAU OF STANDARDS, 
WASHINGTON, D. C., 
March 4, I9gI9. 


THE STABILITY OF A ROTATING PARACHUTE OR FALLING BoDy ROTATING 
ABouT A VERTICAL AXIS OF SYMMETRY.! 


By H. BATEMAN. 


T is found that when the falling body or parachute is rotating about a 
vertical axis the stability may be studied most conveniently by using 
a simple transformation of the equations of motion in which the coordinates 


1 Abstract of a paper presented at the Pasadena meeting of the American Physical Society, 
June 19, 1919. 
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used are complex quantities. The stability is thus seen to depend on the nature 
of the roots of a cubic equation with complex coefficients. 

In the case of no rotation a study is made of the effect of varying some of 
the resistance coefficients while the others are kept constant. The effect of 
rotation on stability is discussed and particular attention paid to conditions 
in which the effect of rotation is entirely favorable. 


THE STARK EFFECT FOR METALS IN THE ULTRA VIOLET 
By J. A. ANDERSON. 


SING a large quartz spectrograph the spectra of Ag, Al, An, Cd, Co, Cu, 
Fe, Mg, Mo, and Ni have been photographed. 
Some work has been done using a small 26,000-volt transformer with syn- 
chronous rectifier instead of the direct-current generators. 
Direct photographic comparison of the spectrum given by the tube with 
that of the arc and spark has been made for iron with results so interesting 
that similar comparisons will be made for the other elements studied. 


ABSORPTION EFFECTS WITH THE ELECTRIC FURNACE AS RELATED TO TEM- 
PERATURE CLASSIFICATION. 


By ARTHUR S. KING. 


SERIES of experiments have been made in which a graphite plug was 
placed in the tube of a resistance furnace, producing absorption spectra 
of metallic vapors which the tube contained. By this means a study has been 
made of the absorptive power of spectrum lines at various temperatures, the 
dependence of the phenomenon on wave-length, and a comparison with the 
emission spectrum of the furnace at corresponding temperatures. A close 
connection appears between the absorptive power of a line and the tempera- 
ture class in which it had been placed. A comparison with solar and stellar 
lines is in some respects simplified. 


THE ELECTRIC FURNACE SPECTRA OF METALS IN THE INFRA-RED. 
By ARTHUR S. KING. 


HE electric furnace spectra of Fe, Ni, Cr, Ti, Ba, Sr and Ca have been 
photographed by the use of plates dyed with dicyanin, an extension 
into the infra-red beyond \ 9000 being obtained. A consjderable number of 
lines for each element have appeared at different furnace temperatures. Lines 
of special interest are those which maintain their intensity at the lower tem- 
peratures and those which are relatively stronger in the furnace than in the 
arc. For Ca, Ba and Sr, the temperature grouping of lines has proved useful 
in selecting lines which fit into series having first members in this region. 
1 Abstract of a paper presented at the Pasadena meeting of the American Physical Society, 
June 19, I9I9. 
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RECENT OBSERVATIONS OF TUBE-ARC SPECTRA, ESPECIALLY IN THE INFRA- 
REp.! 


By ARTHUR S. KING AND PAUL W. MERRILL. 


HE presence of spark lines in the tube-arc spectrum, as previously ob- 
served by one of us has been found to extend through a long range of 
spectrum including the ultra-violet and the infra-red. The carbon spark lines 
are strong and much sharper than in the spark. Hence their wave-lengths 
can probably be more accurately determined from the tube-arc than from any 
other known source. Several new carbon spark lines have been identified. 
An interesting feature in the infra-red is the presence of numerous air lines, 
including the well-known oxygen triplet at \ 7770. 


THE SPECTRA OF KRYPTON AND XENON IN THE INFRA-RED.! 
By Pau, W. MERRILL. 


HIS paper describes photographic measurements of the spectrum lines 
of krypton and xenon, principally in the red and infra-red, made at 
the National Bureau of Standards. There are numerous strong lines in this 
region in both spectra, most of which had not been previously observed. 
Attention is called to a probable analogy between the spectra of the rare 
gases neon, argon, krypton and xenon which this investigation has brought to 
light. 


A STUDY OF THE RELATIVE INTENSITIES OF SPECTRUM LINES IN DIFFERENT 
REGIONS OF THE ARC AS COMPARED WITH THEIR BEHAVIOR 
IN OTHER SouRCEs.! 


By Pau, W. MERRILL. 


HIS paper deals with data concerning the strengthening of spectrum 

lines of iron, cobalt and nickel at the positive pole of the electric arc 

as compared with an adjacent region. It was found, in confirmation of re- 

sults of other observers that “enhanced” or ‘‘spark”’ lines appear at the positive 

pole of the arc. Among the other lines the amount of strengthening at the 

pole was found to bear an interesting relation to Dr. King’s classification based 
on the temperatures required to produce the lines in the electric furnace. 


THE VAPOR PRESSURES OF HYDROGEN CHLORIDE AND HYDROGEN BROMIDE 
ABOVE THEIR AQUEOUS SOLUTION.! 


By S. J. BATes AND H. D. KIRSCHMAN. 
Y employing a method which avoided the errors due to the effect of spray 
and those due to the uncertainty in the volume of gas passed thru the 
apparatus, the vapor pressures of hydrogen chloride and of hydrogen bromide 


1 Abstract of a paper presented at the Pasadina meeting of the American Physical Society, 
June 19, 1919. 
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above their aqueous solutions was determined to two or three thousands of 
a millimeter over the concentration range from 4 to 10 mols per 1,000 grams 
of water. By combining the values for hydrogen chloride with the electro- 
motive force data of Ellis, the free energy of hydrogen chloride is computed to 
be—22, 690 calories. 


PHysICAL CONSTANTS PERTAINING TO THE OCEAN.! 
By GEORGE FRANCIS MCEWEN. 


HYSICAL constants are fundamental data of the science of physics. 
They are essential for quantitative description of the behavior of sub- 
stances. Refinement in physical measurements continually yields more ac- 
curate values. It also reveals the variable nature of quantities formerly re- 
garded as constant, and shows the need of new constants. Under controlled 
conditions, approach seems to be had to constants, dependent only upon the 
nature of substances. Actually, however, all are more or less influenced by 
external conditions. 

Quantitative expression of laws describing those cosmical or terrestrial 
phenomena involving correspondingly enormous magnitudes, require physical 
constants whose evaluation under controlled conditions is impossible. Coeffi- 
cients of viscosity, conductivity, and diffusion applicable to oceanic conditions 
are of a much higher order of magnitude than values obtained from experi- 
ments necessarily limited to much smaller dimensions. 

Moreover, ocean conditions found in a given locality or season are not 
sufficiently typical to be representative of other regions or seasons. 

The high variability of these coefficients with respect to conditions in the 
sea, demands extensive and continuous “‘field’’ observations.” 

Complicated as these facts are, encouraging results have already come from 
quantitative studies, not only in oceanography, but also in other geophysical 
investigations. 


THE REFLECTIVE POWER OF METALS AND DIELECTRICS IN THE ULTRA- 
VIOLET.! 


By E. P. Lewis Anp A. C. Harpy. 


HILE testing the photoelectric properties of methyl violet deposited 

as a mirror on a glass plate from an alcoholic solution it was found 

that 2 cm. of quartz cuts out about 90 per cent. of the effective radiation. 

Since Schumann found that this thickness cuts out practically all radiation 

1 Abstract of a paper presented at the Pasadena meeting of the Physical Society, June 19, 
1919. 

2 For a detailed discussion of physical constants pertaining to the ocean see (McEwen, G. F., 
1919, Ocean temperatures, their relation to solar radiation and oceanic circulation: Quanti- 
tative comparisons of certain empirical results with those deduced by principles and methods 
of mathematical physics (in press). Semicentennial Publications of the University of 
California. 
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below 1860, it seemed possible, by using a test electrode of this material 
with a sensitive electroscope, to determine the reflecting power of substances 
somewhat beyond the limit reached by Hulburt, about A 1850. The source 
was a mercury arc in quartz, which appears to transmit radiation to about 
\ 1800 or slightly beyond. In some experiments the light was incident at an 
angle of 13 degrees, in others at 45 degrees. The methyl violet showed little 
evidence of fatigue, but the surface was renewed from time to time. In one 
series of experiments a polished iron electrode was used, in another one of zinc. 
As indicated by the greater reflecting power of the metals and the smaller 
reflecting power of other substances, the effective radiation with iron and zinc 
was of longer wave-length than in the case of the methyl violet. The silicon 
mirror was the plane polished surface of a large crystal, probably less perfect 
than the surfaces used by Hulburt. The speculum surface was that of an old 
mirror, repolished. At the limit observed by Hulburt, about \ 1870, the re- 
flecting power of silicon was found to be about 60, but the curve falls so rapidly 
in this region that his results are not inconsistent with those given below, 
provided the effective radiation was of slightly shorter wave-length. 
The reflecting power in percentages is given below: 




















Methyl, 13°. | Violet, 45°. | Iron, 45°. | Zinc, 45°. 
Silicon. 2.0.0... cece ee eevee ee 25 31 35 | 44 
ee ee 20 | 21 “= | —_ 
Speculum metal............... 9 | 10 11 18 
Ordinary glass............... 13 13.5 11 10 
rt ontueseecdaadane 10 | — —_ | — 
SNL co nbd eases aennentokae 13 11 _ 
ee ene ere 9 10 9 —_ 
hidatencareieteneees 7.5 8 8 _ 
ee ee 8 9 9 | _ 








Hulburt showed that the reflecting power of speculum metal is very low in 
this region, especially for old mirrors, even when repolished. For gratings 
which can not be repolished the efficiency must be very low, unless the reflec- 
tivity increases in the direction of short wave-lengths. The significant feature 
of the figures given above is that the reflectivity of glass exceeds that of specu- 
lum metal, and is still rising. It seems very probable that glass gratings will 
be found much better than those of speculum metal for the extreme ultra-violet, 
if difficulties of ruling can be overcome. 

Calcite shows a high reflectivity, and, as we might expect, that of fluorite, 
quartz and rock salt is small. But even for these substances it exceeds that 
calculated from the index of refraction at 1850, indicating that absorption 
is rapidly increasing and metallic reflection beginning. Platinum, silicon and 
aluminum, continue to show greater reflectivity than glass, but the curve given 
by Hulburt falls off so rapidly that it is doubtful whether their supremacy over 
glass continues for any great distance in the extreme ultra-violet. 
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A methyl violet mirror showed a reflecting power of 17 per cent., indicating 
metallic reflection for the rays to which it is photoelectrically sensitive, as we 
might expect. 
UNIVERSITY OF CALIFORNIA, 
June, 1919. 


DETERMINATION OF THE NORMAL TEMPERATURE BY MEANS OF THE EQUATION 
OF THE SEASONAL-TEMPERATURE VARIATION AND OF A MOobpI- 
FIED THERMOGRAPH RECORD.! 


By FRANK L. WeEsT, N. E. EDLEFSEN AND S. P. EWING. 


HE air temperature at a place of light rainfall is a periodic function of 
the time, there being two prominent periods, a twenty-four-hour period 
and an annual period. That part of the United States between the Rocky and 
the Sierra Nevada Mountains has a humidity of 50 per cent., a rainfall of from 
10 to 20 inches, with more than 300 days of the year without rain. 
The equation of the curve that represents the mean daily temperature in 
terms of the time of year for Utah, is 


T = 48.5-22.2 cos (6-19°-54’)-2.7 cos 2 (6-149°-5’) 
—1.0 cos 3 (6-17°-3’), (1) 


the time @ being expressed in degrees. The equation is of rather general 
application because the first term is the mean annual temperature for the 
place considered (a function of latitude and elevation) and simply moves the 
curve up or down the page while the shape or amplitude is determined by the 
difference in temperature between summer and winter and varies at different 
places in the interior of the United States from the Salt Lake value by from one 
to four degrees. 

The curve representing the twenty-four-hour temperature change modifies 
its shape gradually each day, flattening out as winter approaches, but the 
ratio of the hourly temperature to the mean daily temperature is nearly con- 
stant on any day of the year (for Fahrenheit scale only). The equation giving 


the temperature at any hour expressed as the percentage of the mean is as 
follows: 
P = 97.3-25.2 cos 6-67°—-10’) + 3.7 cos 2 (6-38°) 
-1.5 cos 3 (6-23°-16’) (2) 


The two equations are empirical and were obtained by the method of the 
Fourier Series from the U. S. Weather Bureau data. 

Variable diathermancy or cloudiness, evaporation or cloud formation, south 
or north winds are the main factors that cause variations from the normal. 
In short, cyclonic storms or rain cause the departures. 

Applying these equations and then checking on the actual temperature 
experienced, the differences were from 1 to about 15 degrees with a mean de- 

1 Abstract of a paper presented at the Pasadena meeting of the American Physical Society, 
June 19, 1919. 
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parture of about 7 degrees. The chances in the arid West are one in six that 
the departure will be less than 2 degrees, two in five that it will be as much as 
5 degrees, one in four that it will be as much as 10 degrees and one in seven 
that it will be 15 degrees. Very rarely is it more than 15 degrees. The prob- 
able temperature can be determined by modifying the normal temperature as 
determined above after consultation with the Weather Bureau as to whether 
the day in question is to be warmer or colder (as determined from their weather 
maps) than usual. 

By long time averages, normals for climates not as dry as here in the West 
can be obtained, but rains and variable cloudiness cause rather wide departures 
from these normals. The above method would give a suggestion of what 
might be expected even in these places. 


Puysics DEPARTMENT, 
UTAH AGRICULTURAL COLLEGE, 
LOGAN, UTAH, June I, I9gI9Q. 


FORMULA FOR THE WAVE-LENGTHS OF J/-RADIATION.! 
By FERNANDO SANFORD. 


ii is known that the Einstein photoelectric equation Ve = imv* = hy 
applies to the energy of the inducing electrons and the frequency of the 
x-radiation in most cases of x-ray emission. The writer has previously shown 
that for cases where this law applies if the radiating electrons are in orbital 
motion about a central positive charge, so that Qe/R*? = mv?/R, where Q is 
the magnitude of the central positive charge and R the orbital radius, the 
magnitude of the central charge is given from the equation 
2U/2p3/2_1/2 
~~ emt/2yil2 
Assigning the usual values to e, m and h, this gives 
2.882.1-” 


vx 


It has also been shown that the same value of Q may be calculated from the 
Moseley equation, where for the shortest wave-lengths in the K-radiation 
band Q = 2e( N-3.6) and for the shortest wave-lengths in the L-radiation 
band Q = e( N-15.4), where N is the serial number of the element from which 





Q= 


the X-rays are derived. 

In a paper by W. Stenstrém? is given a table of the wave-lengths of the 
characteristic M-radiation of a number of elements from N-66 to N = 92. 
If Q be calculated for these lines by the above formula and be introduced into 
the Moseley equation, it gives Q = 2.882-107!/ vi = 2( N-19.47): 107" 
for the a-line of the M-radiation band. The wave-lengths of the a-lines of 

1 Abstract of a paper presented at the Pasadena meeting of the American Physical Society, 


June 19, 1919. 
2 Ann. d. Phys., 57, 372. 
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the M-radiation band may then be calculated from the equation 
~ 2.882-10°% —\? 
2( N-19.47): 107% / * 


The following table gives the values of \ as observed by Stenstrém and the 
values of Q and J as calculated from the above formule. 
































TABLE I 
Element. | N | d, Obs. Q + 1010 r, Cale. 
U 92 | 3.919-10-8 145.5 3.46-10-8 
Th 90 4.131 | 142 | 4.16 
Bi 83 5.125 | 127 | 5.13 
Pb 82 5.302 | 125.5 5.29 
Tl 81 5.471 | 123.2 5.47 
Au 79 5.847 119 5.85 
Pt 78 6.058 117 6.05 
Ir 77 6.276 115 | 6.27 
Os 76 6.508 113 6.50 
Ww | 74 7.007 108.7 | 6.97 
Ta 73 7.272 106.6 | 7.27 
Cp 71 7.856 102.9 | 7.84 
Ad 70 8.162 101 | 1.15 
Er 68 8.813 97 | 8.82 
Ho | 67 9.168 95 9.18 
Dy | 66 9.556 93.2 9.55 











It will be seen that with the exception of the uranium line the two values of 
\ differ by less than the probable error of measurement. Stenstrém finds a 
line in uranium with a wave-length of 3.487, which is in better agreement with 
our calculated value for the a-line. 
STANFORD UNIVERSITY, 
June 9, 1919. 


THE MOVEMENT OF MOISTURE IN SOIL BY CAPILLARITY.! 
By WILLARD GARDNER. 


OR the motion of ground water through soils under hydrostatic pressure, 

it has been assumed, with considerable experimental support, that the 

velocity is proportional to the pressure gradient, Slichter? has observed that 

the pressure satisfies Laplace’s equation and he has made some extended 
theoretical mathematical calculations for the flow of underground water. 

The essential distinction between the case considered by Slichter and the 

1 Abstract of a paper presented at tlie Pasadena meeting of the American Physical Society, 

June 19, 1919. 
2 Slichter, Charles S., Theoretical Investigation of the Motion of Ground Water. 10th 
Annual Report of the U. S. Geological Report of the U. S. Geological Survey, 1898, Part II., 
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case of capillary flow is that the density function is dependent upon the space 
coordinates and also upon the time; also that the pressure is a function of the 
density. For the pressure gradient, a tentative function of the density and 
density gradient has been substituted, and the velocity is expressed in terms 
of the density and density gradient. A substitution of this value in the equa- 
tion of continuity for the case of one-dimensional flow gives a differential 
equation involving moisture content, one-space codrdinate, and the time. 
This equation is solved for the case of steady motion and experimental results 
are given for this case. It is pointed out that the equation for steady motion 
is parabolic in character, the value of the exponent depending upon the validity 
of the assumptions made. The experimental results indicate that the assump- 
tions are approximately correct. 


UTAH AGRICULTURAL COLLEGE, 
LOGAN, UTAH. 
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The Principles Underlying Radio Communication. Radio Pamphlet No. 
40. Signal Corps, U.S. Army. Washington, Government Printing Office, 
1919. Pp. 355. Price 55 cents. 

Just thirty-one years intervened between Feddersen’s observation of the 
oscillatory discharge in 1857 and Hertz’s production of electric waves. Another 
period of thirty-one years has elapsed between the experiments at Karlsruhe 
and the appearance of this volume. But on comparison of these two equal 
periods one is impressed by the small advance in alternate-current electricity 
made during the earlier period, while in the later period the development has 
gone by leaps and bounds, until now we have a volume of more than three 
hundred pages devoted to the principles alone of a single branch of alternate- 
current science, not to mention still larger volumes such as Fleming’s, devoted 
to the whole subject, or still other volumes devoted to particular chapters 
such as Bucher’s ‘“‘ Vacuum Tubes.’ The explanation of this marked difference 
appears to lie in the fact that the first thirty years were needed to establish 
units and standards and to enlarge certain electrical concepts. It was during 
this earlier period that the portable voltmeter, ammeter and watt-meter were 
perfected, and that the idea of resistance was generalized into that of impedance 
for the electric circuit and of reluctance for the magnetic circuit; in brief the 
earlier period was spent in preparing the ground for the rapid growth which 
followed the introduction of high-frequency-currents in 1888, and for the results 
which are described in this volume. 

The authorship is composite, the manuscript having been prepared by Dr. 
J. H. Dellinger and six collaborators. The reader will however hardly suspect 
- this fact from the uniformly clear and easy English style which characterizes 
every page; in fact, one would rather incline to the opposite view, namely, 
that the composition is essentially that of one man. 

This collection of principles is intended for readers whose mathematical 
equipment is not large. The authors have undertaken the task of maintaining 
a clear and corréct exposition while denying themselves the usual channels 
of communication, namely, differential equations; and these aims they have 
accomplished admirably. They have set forth the principles of high-frequency 
currents and electromagnetic radiation in words of one syllable, so to speak; 
they have given the physics and have avoided the more complicated mathe- 
matical expressions. Nevertheless, they have maintained a quantitative 
point of view, have gone on to the advanced parts of the science, and have 
left very little for the student to unlearn. Taken in conjunction with Circular 
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No. 74 of the Bureau of Standards (‘‘ Radio instruments and Measurements’’) 
to which constant reference is made one has in this little book a fairly complete 
treatise adapted alike to the needs of the advanced student of physics and of 
the radio-engineer. Any treatment along these lines suffers, of course, from 
the defects of its qualities which here means that the book contains, along with 
its advanced discussions, a considerable quantity of elementary material. 

Among its excellent features must be noted the constant use of analogies; 
the lucid presentation of resonance (pp. 185-193), of “‘skin effect’’ (pp. 208- 
211), of the performance of the Mg and Zn sparks (p. 257), of Ohm’s law in 
its generalized form; the triple point of view for the action of receiving antennz 
(p. 233); and the gradual manner in which the various radio circuits are 
approached. The number of the various circuits described is large and includes 
designs adapted to almost every need and circumstance of the telegrapher. 

When the next printing is called for it is to be hoped that the authors will 
realize that their admirable table of contents is hardly a substitute for a good 
index. Nearly all the figures are apt and satisfactory, but in many of them 
the lettering is bad; some of them, e. g., the important Fig. 158, illustrating 
Hertzian electric fields, should be entirely replaced by figures of larger scale 
and greater legibility. The treatment of vacuum tubes is somewhat scant, 
likewise that of wireless telephony; however, the aim of the book must be 
kept in mind—the presentation of principles and not the description of appa- 
ratus. Bearing in mind this limitation, one wonders whether, anywhere in the 
book, due prominence has been given to the two fundamental principles of 
Oersted and Faraday. On p. 115 they are numbered “3” afd “1” respectively 
and are used in the exposition of dynamo-electric machinery. Since however 
these two discoveries form the basis of all electromagnetic theory and since 
they are quantitatively expressed by Maxwell’s two vector equations, one 
feels that they ought to be bracketed together, not only on the printed page 
but also in the mind of the student. The laws of Lenz, Joule and Ohm are 
important, but they play a subordinate réle in electromagnetics. At the 
beginning of the fourth chapter three important methods of transferring 
energy are mentioned; but it may be fairly questioned whether more than two 
are known, namely, (1) by means of an elastic push or pull, including wave- 
motion, and (2) by means of projectiles—the actual transfer of matter. Considered 
from the energy view-point the essential feature of wave-motion is not its 
kinematics, but rather the elastic properties of the medium which enable that 
medium to store up and hand on energy, much as the twist of a mill shaft is 
handed on from the driving pulley to the driven pulley. 

The substitution of the word “directly” for ‘‘inversely’’ on p. 42 in the 
statement that ‘‘the force [between two charged pith balls] is also proportional 
directly to the value of the dielectric constant”’ is, of course, a mere inadver- 
tence. 

This volume which should find a place on the shelf of every student of 
physics forcibly recalls the remark of the late Lord Rayleigh in his presidential 





SECOND 


280 BOOK REVIEWS. poeeee 


address before the Montreal Meeting of the British Association, in 1884, 
that “the introduction of powerful alternate current machines by Siemens, 
Gordon, Ferranti and others is likely also to have a salutary effect in educating 
those so-called practical electricians whose ideas do not easily rise above ohms 
and volts.”” To realize how far these practical electricians have risen above 
ohms and volts, ane has only to turn the pages of this volume and find there 
discussed such topics as effective resistance, radiation resistance, reactance, 
skin effect, radio and audio frequencies, tuning, coupling, quenching, etc., 
most of which have made their appearance since the Montreal meeting. 

The wise policy of the Bureau of Standards and the Signal Corps which 
places so helpful a volume as this in the hands of American students is greatly 
to be commended. ~ <.. 


Hindu Achievements in Exact Science. By BENoy KuMAR SARKAR. New 

York: Longmans, Green and Co. Pp. xiii + 82. Price, $1.00. 

This little, well-printed primer reminds one of a beginner’s book in chess. 
Its object is evidently to stimulate interest in the subject of which it treats. 
The preface states ‘“‘the main object of this little book is to furnish some of 
the chronological links and logical affinities between the scientific investigations 
of the Hindus and those of the Greeks, Chinese and Saracens. . . . It has been 
sought to present a comprehensive, though very brief account of the entire 
scientific work of ancient and medieval India in the perspective of develop- 
ments in other lands.’’ The book appears to be largely made up of transcrip- 
tions from some of the more comprehensive treatises which are referred to in 
a bibliography containing 79 titles. The chapter on physics, one of the 
longest, covers seven pages and consists mainly of a series of statements 
arranged in syllabus form. Metallurgy and the chemical arts are covered in 
three pages which give but a very slight idea of metallurgy in India, no adequate 
reference being made to the wonderful metallurgical development of the 
Hindus antedating the Christian ear by several centuries. The work of Euro- 
European writers, such as Hadfield and others, is ignored and no reference is 
made to the splendid contributions by Fanchanan Neogi to the history of iron 


and copper metallurgy in India. 
G. K. BURGESS 





